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INTESTINAL ADENOMAS OF ENDOMETRIAL TYPE 


THEIR IMPORTANCE AND THEIR RELATION TO OVARIAN 
HEMATOMAS OF ENDOMETRIAL TYPE (PERFORATING 
HEMORRHAGIC CYSTS OF THE OVARY) * 


JOHN A. SAMPSON, M.D. 


ALBANY, N. Y. 


In a recent article I stated that I* believed that perforating hemor- 
rhagic (chocolate) cysts of the ovary were hematomas of endometrial 
type, and that at the time of the perforation of the cyst some of the 
epithelium lining it might be carried with the contents of the cyst into the 
peritoneal cavity. This epithelium might become lodged on the surface 
of the peritoneum, soiled by the contents of the cyst, and there develop 
into adenomas of endometrial type. The adenomas arising from the 
implantation of this epithelium might be small and quiescent, or they 
might become invasive, giving rise to so-called adenomyomas of the 
part invaded. I-.compared the conditions arising from the perfora- 
tion of these cysts with the implantations of ovarian papilloma and 
cancer resulting from the rupture or perforation of an ovarian tumor 
containing these growths. These cysts were described as developing 
most frequently in women between 30 years of age and the meno- 
pause. In the forty-nine cases studied up to this date (Nov. 25, 1921) 
only four patients were under 30 years of age, the youngest being 
23 (the other three were 28). I have encountered only one instance 
in a patient after the menopause. In this case the remains of an 
undoubted ovarian hematoma of endometrial type, with its associated 
implantation adenomas, were found. 

The size of these hematomas was described in the previous paper 
as being usually between 2 and 4 cm. in diameter, occasionally less 


*Read in part before the Interurban Surgical Society, Albany, N. Y., 
Nov. 25, 1921. 

*From the gynecologic and pathologic departments of the Albany Hos- 
pital and the Albany Medical College. 

1. Sampson, J. A.:. Perforating Hemorrhagic (Chocolate) Cysts of the 
Ovary, Arch. Surg. 3:245-323 (Sept.) 1921. 
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than 2 cm. and also occasionally larger than 4 cm. Since I have 
learned to recognize the early stages in the development of this condi- 
tion and likewise some of the later stages in their retrogression, I 
have been able to detect specimens which previously would have been 
overlooked. I would modify the foregoing statement in regard to 
their size by adding that they are often so small and inconspicuous 
that they may be easily missed both at the time of the operation and in 
the pathologic laboratory. The hemorrhage or pigmentation, the result 
of previous hemorrhage, in the ovarian tissue about the smaller cysts 
or extending into their lumina will usually call one’s attention to an 
abnormal condition of the ovary. The histologic examination of this 
area will show whether or not a gland, tubule or small cyst of endo- 
metrial type is present. 

In discussing the frequency of this condition, I stated that during 
the year, May 1, 1920, to May 1, 1921, I had found perforating 
hemorrhagic cysts of the ovary in fourteen of 178 patients between 
30 and 50 years of age who had had an abdominal operation for some 
disease of the pelvic organs. Since I have learned to recognize the 
earlier and also the later stages of this condition, I have reviewed some 
of the questionable specimens removed during that year and have been 
able to add four more cases to the fourteen. During the last six 
operative months, I have encountered nineteen cases of perforating 
hemorrhagic cysts of the ovary in my practice. The amount of my 
operative work has not increased and I do not believe the frequency 
of this condition has; but I am better able to recognize it, both during 
the operation and in the systematic study of the specimens after- 
ward. It is a common condition, probably present in from 10 to 20 per 
cent. of women between 30 years of age and the menopause who 
require an abdominal operation for some disease of the pelvic organs. 

At operation the cyst or ovary is usually adherent, and in freeing 
it the “chocolate” contents escape because a previous perforation, 
which has been sealed by whatever structure the ovary or cyst has 
become adherent to, is reopened or the cyst is torn. Adhesions and 
other signs of implantation are present if a perforation has occurred, 
and these vary greatly in location and extent. They are found where 
the contents from the perforation of such a cyst would be likely to 
fall, as in any of the natural pockets and folds of the pelvis and 
on any of the structures situated in the pelvis at the time of perfora- 
tion and especially in the bottom of the culdesac. One would suppose 
that the rectum, sigmoid, terminal loop of the ileum and the appendix 
would frequently be invaded by these adenomas. This is true as will 
be shown later in this communication. 
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THE INCIDENCE OF ADENOMAS OF ENDOMETRIAL TYPE OF 
THE INTESTINE AND THEIR RELATION TO OVARIAN 
HEMATOMAS OF ENDOMETRIAL TYPE 


My attention was first directed to a so-called adenomyoma of the 
intestine in the year 1909 (Case 1). February 10 of that year, I 
operated on a woman, 36 years of age, the preoperative diagnosis 
being a tubal inflammatory disease of the left side and a weakened 
pelvic floor. On exposing the pelvic contents, the left ovary was 
found to be cystic and densely adherent. I removed the left tube 
and ovary and then noticed that there was an indurated area in the 
wall of the sigmoid, just below the pelvic brim, which was diagnosed 





Fig. 1—Implantation carcinoma of the sigmoid secondary to the perforation 
of a carcinomatous cyst of the right ovary; bilateral ovarian carcinoma. View 
of the pelvic contents from above; X %. The implantations (i) are shown on 
the anterior surface of the sigmoid, its mesentery, on the posterior surface of 
the left broad ligament, and also involving an epiploic appendage (¢). The 
growth (g) on the surface of the left ovary may have been an implantation 
from the right ovary or a direct extension through the wall of the left ovary. 
A perforation had occurred through the lateral and lower wall of the right 
ovarian cyst and this had been sealed by the pelvic wall, to which it had become 
adherent. The left ovarian tumor, about as large as the right, filled the culdesac 
and only a small portion of it is shown in this illustration. Compare Figure 2. 
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as a carcinoma of this part of the bowel. About 8 cm. of the intestine, 
including this area, was resected and the intestine was repaired by an 
end-to-end anastomosis. A section of the intestine showed a typical 
adenoma of endometrial type, apparently invading the sigmoid from its 
serous surface (Fig. 46). The cystic ovary was not examined micro- 
scopically and no mention was made in the operative notes of the 
presence of an ovarian hematoma. In only one gf the twenty-three 
cases reported in my recent paper was a portion of the intestine 
removed (Case 19 of that series and Case 2 of the present series). 
The histologic findings in the section of the sigmoid removed in 
this case are shown in Figure 42 and are similar to those found in 
the preceding one. With my present knowledge of the subject, 
[ believe that had I examined carefully the portions of the intestine 
in the pelvis in the twenty-three cases mentioned above and had it 








Fig. 2.—Bilateral ovarian carcinoma with perforation of the right car- 
cinomatous ovarian cyst and implantations on the posterior layer of both 
broad ligaments, the fallopian tubes and the posterior wall of the uterus. 
Posterior view of the uterus, tubes and ovaries shown in Figure 1; kK %. The 
implantations (1) on the posterior layers of the broad ligaments are shown 
(Compare with Figs. 13 and 19). The implantation involving the distal portion 
of the right tube had penetrated the wall of the tube and is protruding through 
its fimbriated opening (c). Implantations (imp.) are present on the posterior 
wall of the uterus (Compare with Figs. 13 and 28). The growth (g) was 
referred to in Figure 1. In places the carcinoma resembled an adenocarcinoma 
of the uterine mucosa. Some of the cells were ciliated. I believe this tumor 
may have arisen from misplaced “endometrial” epithelium in the ovary, just as 
ovarian hematomas of endometrial type arise from this epithelium. Ovarian 
carcinomas with their secondary peritoneal implantations are a well recognized 
pathologic entity and also a well recognized clinical entity which can often be 
diagnosed prior to operation. 











SAMPSON—INTESTINAL ADENOMAS 221 


been possible to examine histologically the portion of the rectum 
which was adherent to the posterior wall of the cervix and uterus, 
adenoma of endometrial type would have been found in a large 
percentage of these cases. In the nineteen cases of ovarian hematomas 
in which I have operated since the above mentioned series, adenoma of 
endometrial type, involving some portion of the intestinal tract, was 
found in eight instances; and I believe that had it been feasible to 
examine histologically the portion of the rectum adherent to the 
cervix or uterus in some of the others adenoma invading the rectum 
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Fig. 3 (Case 4).—Perforated hematoma (hemorrhagic cyst) of endometrial 
type of the right ovary. View of the pelvic contents from above; K %. The 
ovarian cyst filled the pelvis. A perforation had occurred through the lower 
wall of the cyst and this had been sealed by the posterior surface of the right 
broad ligament to which it had become adherent. On freeing the right ovary, 
the cyst was torn or the perforation reopened and a large amount of “chocolate” 
fluid escaped. Compare Figure 4. 


would have been found in some of these. . This small series of nine- 
teen cases suggests that implantation adenoma of endometrial type 
of some portion of the intestinal tract may be present in at least 
one half of the cases of perforated ovarian hematoma of endometrial 
type with peritoneal implantations. If this type of ovarian hema- 
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toma occurs in from 10 to 20 per cent. of women between 30 years 
of age and the menopause that require an abdominal operation for 
some pelvic disease, then endometrial adenoma of the intestines is 
quite a common condition. On account of its frequency, pathologic 
and clinical importance, it deserves a greater recognition than has 




















Fig. 4 (Case 4).—Implantation adenoma (of endometrial type) of the sig- 
moid, posterior surface of the uterus, left tube and left ovary; and a large 
hematoma (of endometrial type) of the right ovary with evidence of a previous 
perforation. Condition found at operation after ligating and cutting the ovarian 
vessels and drawing the uterus upward and forward; x %. An indentation of 
the sigmoid with thickening of its wall is shown at c (Compare Fig. 5.) A 
hemorrhagic cyst on the surface of the mesentery of the sigmoid with induration 
of the underlying tissue is indicated at a (Compare Fig. 8). The epiploic 
appendages (b) are thickened and contracted (Compare Figs. 6 and 7). The 
perforation p in the hematoma of the right ovary is shown and also implanta- 
tions (t) in the left tube. The distribution of the involvement of the sigmoid 
is similar to that shown in Figure 1. For a description of the right ovarian cyst 
and the implantations on the posterior surface of the uterus and tube, compare 
Figures 9, 10, 11 and 12. 
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Fig. 5 (Case 4).—Adenoma (of endometrial type) in the wall of the sigmoid. 


A small wedge-shaped piece was excised from the indurated wall of the sig- 
moid shown at c, Figure 4. Photomicrograph shows a glandlike space (g) 
lined by columnar epithelial cells resembling those of the endometrium. 





Fig. 6 (Case 4).—Adenoma (of endometrial type) of an epiploic appendage. 
Cross section, 10, of one of the epiploic appendages shown at b, Figure 4. 
The adenoma has apparently invaded the appendage in the depression indicated 


by the arrow and has extended through the appendage appearing on the opposite 
side as an endometrial polyp (e). 


The marked increase in the connective tissue 
about the adenoma may be noted. 
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been accorded it in the past. The question naturally arises, Do all 
cases of this type of adenoma of the intestines arise from the implanta- 
tion of the epithelial contents of a perforated ovarian hematoma of 
endometrial type? The twelve cases of this type of intestinal adenoma 
which I have studied were all associated with an ovarian hematoma 
(not positively proved in one case) and could have arisen from them. 
The ovarian hematomas may be very small (Fig. 52), and in the 
retrogressive changes due to repeated hemorrhage and loss of their 
epithelial lining, the remains of the smaller ones may become very 
inconspicuous (Fig. 51), or they may even entirely disappear. For 
these reasons it is difficult to rule out the ovary as a source of the 


























Fig. 7 (Case 4).—Photomicrograph of adenoma (of endometrial type) of an 
epiploic appendage at the apparent portal of invasion. The arrow indicates the 
portal of invasion. The appearance of the tissues at this place suggests that 
the epithelium originally implanted on the appendage had died out; this, 
together with the increase in the connective tissue, causes the retracted condi- 
tion. The glandlike spaces and tubules are lined by columnar epithelium similar 
to that found in the endometrium and also that lining the perforated ovarian 
hematoma (Fig. 11). 


implantations, even though the ovaries appear normal. However, I 
believe that they may also arise from a source other than ovarian 
hematomas, as will be discussed later in this paper. 


PATHOLOGIC ANATOMY 


Implantation carcinoma of the various organs and structures of 
the peritoneal cavity is well recognized both by pathologists and 
clinicians and likewise the important part played by ovarian carci- 
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noma as a source of these implantations. Implantation adenomas of 
endometrial type are analogous to those of carcinoma, and I believe 
that ovarian hematomas of endometrial type with perforation are a 
frequent, possibly the principal, source of these implantations. The 
implantations, as in those of ovarian carcinoma, are found where 
the contents escaping from the perforation of such a hematoma would 
be likely to fall, as on any of the structures found in the pelvis and 
especially in the culdesac. As already stated, we would expect that the 
portions of the intestinal tract normally found in the pelvis would often 
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Fig. 8 (Case 4).—Implantation adenoma (of endometrial type) invading the 
mesentery of the sigmoid. I believe the hemorrhagic bleb (Fig. 4 a) was 
encysted menstrual blood from the underlying adenoma which is shown in this 
photomicrograph. The glandlike structures are of endometrial type, with evi- 
dence of hemorrhage (menstrual) into the tissues about them and into the 
lumina of some of the glands. The reaction of the surrounding tissue is similar 
to that shown in Figure 7. 


be the seat of these implantations. I believe that implantations are 
often present on the rectum, sigmoid, small intestine and appendix. In 
the twelve cases reported in this communication the rectum and the sig- 
moid, including the epiploic appendages and their mesentery, were 
involved in eight, the appendix in four and the small intestine in two. 
It is interesting to note that of the eight instances of implantation on 
the sigmoid and rectum the ovarian hematoma was situated in the 
left ovary in six; while of the four instances of implantation on the 








Fig. 9 (Case 4).—Photomicrograph of an implantation adenoma (of endo- 
metrial type) on the surface of the left tube (Fig. 4 t). Histologically, it 
resembles normal endometrium. It is analogous to the implantation carcinoma 


shown in Figure 2. 























Fig. 10 (Case 4).—The invasion of the posterior uterine wall from the 
implantation of adenoma (of endometrial type) on its surface (Fig. 13 c). 
Photomicrographs of serial sections (some sections purposely not shown): A 
shows the adenoma on the surface; B, its invasion of the uterine wall, and C, 
tubules or glands in the uterine wall beyond the implanted area giving rise to a 
so-called adenomyoma of the uterus. I believe that this adenoma of the uterus 
did not arise from the direct invasion of the uterine mucosa of the uterine 
cavity or from developmental inclusions of miullerian epithelium or from a 
metaplasia of the peritoneal mesothelium; but I believe it arose from the 
implantation of epithelium from the lining of a hemorrhagic cyst of the ovary 
which had perforated (Compare Figs. 11 and 12). 








SAMPSON—INTESTINAL ADENOMAS 227 


— 


appendix the ovarian hematoma was situated in the right ovary in 
all four. This suggests that while the intestinal implantations from 
either ovary may be general in their pelvic distribution the portion 
of the intestine usually situated near that ovary is more likely to be 
involved. 

The character of the lesions varies greatly; most of them are 
insignificant and chiefly of histologic interest, but even these carry 
with them the possibility of invasion, coupled with that of function, 
namely, periodic hemorrhage (menstruation). The menstrual blood 
may be unable to escape and is retained in the tissues surrounding 
the adenoma or in its lumen. In other instances the menstrual blood 
escapes into the peritoneal cavity, possibly carrying with it epithelial 
cells which may give rise to further implantations, just as the implanta- 
tions arose from the original source. The adenoma then may spread 














Fig. 11 (Case 4).—Photomicrograph of a section of the wall of the per- 
forated hematoma (of endometrial type) of the right ovary. The cyst or 
hematoma is lined by cuboidal to columnar epithelium, with evidence of hemor- 
rhage into the underlying ovarian stroma just as in menstruating uterine mucosa. 
Histologically, the epithelium lining the hematoma is similar to that lining the 
glands and tubules in the implantations. The escape of this blood into the 
cavity of the hematoma would carry with it some of the overlying epithelium 
(absent in places), and the escape of the contents of the cyst through the per- 
foration might carry some of these epithelial cells into the peritoneal cavity; 
and wherever they might lodge peritoneal implantations might arise just as in 
Ovarian carcinoma. I believe this was the origin of the majority (possibly all) of 
the implantation adenomas shown in the illustrations of this case. 


from the implantations both by growth by continuity and by implanta- 
tions. In other instances, the implantation adenoma is of great clinical 
importance, that is, when it involves some portion of the intestinal 
tract in such a way as to interfere with its function. The disturbance 
of function is then a mechanical one, as in carcinoma, namely, that 
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of obstruction, and the obstruction in endometrial adenoma may be 
due to three factors: first, the constriction of the lumen of the 
bowel by the growth and especially by the marked hypertrophy of the 
tissues surrounding the adenoma (Fig. 54); second, by kinking 
the intestine, evident in Figure 4, and third, by the accumulation of 
menstrual blood in the adenoma causing hematomas (Fig. 42). The 
symptoms of obstruction may be more marked during the menstrual 
period, as at that time more blood may escape into the adenoma 
situated in the wall of the intestine (Cases 2, 4 and 8). The various 
lesions found in the intestinal tract are similar to those implanted 
on other pelvic structures, such as the uterus with its adnexa and 














Fig. 12 (Case 4).—Photomicrograph of the cyst wail showing an extensive 
stromal hemorrhage with loss of some of the surface epithelium which has been 
carried by the hemorrhage into the cavity of the cyst and into the peritoneal 
cavity through the perforation. A gland (g) of endometrial type is present in 
the stroma. 


ligaments. The latter are much easier to study histologicaily, as they 
may be more safely removed. The implantation begins with the deposit 
of epithelium on the peritoneal surface of these structures. This 
epithelium sinks into the underlying tissues, and, true to its type, 
forms glands and tubules as shown in the previous communication. 
In some instances, a localized growth of endometrial mucosa arises 
like a polyp which may be sessile or pedunculated, simulating the 
polyps found in the uterine cavity. In other instances the tubules 
invade the underlying tissue with very little evidence of the growth 
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on the surface. The epithelium originally implanted may “die out” 
or may be covered with adhesions so that in some of the older lesions 
it may be impossible to determine the exact site of the original implanta- 
tion. The tubules often burrow through the tissues in many directions 
and the portal of entry, if still present, may only be determined by 
cutting many sections, or better still by cutting serial sections (Fig. 
10). 

I have made the following classification of these implantations. 
It is somewhat artificial, as all gradations between the groups may 
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Fig. 13 (Case 4).—Perforated hematoma (of endometrial type) of the right 
ovary, with implantation adenomas (of endometrial type) on the posterior sur- 
face of the left tube (a), the uterus (b and c), the left ovary and the sigmoid, 
including its mesentery and epiploic appendages (Fig. 4). Posterior surface of 
the uterus and tubes and under surface of the ovaries; x %. Compare with 
Figure 2. A perforated hematoma (of endometrial type) of the ovary with its 
peritoneal implantations is a pathologic entity as definite as that of ovarian 
carcinoma with its implantations and also a clinical entity which can often be 
diagnosed prior to operation (Compare histories of Cases 4, 8, 10, 11 and 12). 





be found and more than one group may be present in the same case: 
(1) surface and superficial implantations; (2) implantations develop- 
ing between adherent folds of peritoneum or other adherent structures, 
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well seen in the culdesac between the rectum and uterus (pocketed 
implantations ) ; (3) the deep invasion of the adenoma into the under- 
lying structure. 

1. Surface and Superficial Implantations: These probably form 
the largest group. 

(a) The most frequent lesion in this group is the presence of sub- 
peritoneal glands and tubules of endometrial type, usually with evi- 
dence of hemorrhage into the surrounding tissue or into the lumen 
of the glands or tubules. The surface of the intestine or structure 

















Fig. 14 (Case 5).—Implantation adenoma (of endometrial type) in the 
culdesac, fusing the posterior wall of the cervix to the anterior wall of the 
rectum and superficially invading both the cervix and the rectum; a large 
hematoma (of endometrial type) of the left ovary with evidence of a previous 
perforation: multiple leiomyomas of the uterus. Condition found at the opera- 
tion (natural size). The cervix is drawn upward by a tenaculum, showing the 
rectum fused to the cervix and carried with the latter in a characteristic manner. 
Small pigmented blebs were present on the posterior surface of the cervix and 
the anterior wall of the rectum along the line of their fusion. The ovarian 
cyst is shown adherent to the bottom of the pelvis and the tip of the omentum 
was drawn down by these adhesions. When the cyst was freed, its wall was torn 
or the perforation was reopened and a large amount of chocolate fluid escaped. 
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the cervix showing the collapsed glands and dilated tubules of endometrial type 


Fig. 15 (Case 5).—Photomicrograph of a section from the posterior wall of 
: which prior to the operation were filled with retained blood (menstrual). 











Fig. 16 (Case 5).—Photomicrograph (low power) of a portion of the wall 
of the ovarian hematoma near its hilum. This shows that the surface epithelium 
is for the most part lacking. Some of the epithelium, however, is still present 
in depressions (d); and glandlike structures (g) are also situated in the deeper 
portions of the ovarian tissue lining the hematoma. Histologically, these struc- 
tures are similar to uterine glands and also to the glandlike structures shown in 


Figure 15. Epithelium was found only in sections taken from the upper part 
of the hematoma. 
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involved is thickened and the brown pigmented dots (1 to 2 mm. in 
diameter) and larger elevated areas due to the above mentioned 
menstrual hemorrhage may be easily detected at operation (Figs. 
19, 20, 21 and 22). 


(b) Endometrial tissue on the surface of the intestine including 
polyps. The epithelium deposited on the peritoneal surface may form 
typical endometrial tissue. The growth is often small and insignifi- 
cant and at times typical endometrial polyps may develop (Fig. 33 
and 49). 














Fig. 17 (Case 5).—Photomicrograph (high power) of one of the depressions 
with an epithelial lining shown in Figure 16. It is lined by low to columnar 
epithelium of endometrial type, the columnar epithelium prevailing. The tissue 
surrounding this depression is composed mostly of pigmented cells of the type 
of endothelial leukocytes which formed the greater part of the lining of the 
hematoma. 


(c) Larger subperitoneal hematomas, a later stage of the lesion 
mentioned in a, may arise from the retention of the menstrual blood 
in the lumen of the dilated glands or tubules (Figs. 37 and 38). 

(d) Blood escaping from these implantations may become encysted 
and form small hemorrhagic blebs (Fig. 26). 


2. Implantations Developing Between Adherent Folds of Peri- 
toneum or Other Adherent Structures (Pocketed Implantations) : The 
parts involved become fused, and on separating them the surface of 
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the freed structures often presents a characteristic “pitted” appear- 
ance, due to the exposure of the endometrial tissue in the pockets 
between the adhesions or in the tissues of the organ invaded (Figs. 
27, 28, 29 and 30). 

3. The Deep Invasion of the Adenoma into the Underlying 
Structures: The tubules may worm their way into the tissues of the 
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Fig. 18 (Case 5).—Sagittal section of the myomatous uterus and adjacent 
pelvic structures indicating the condition present prior to the operation. The 
adenoma of endometrial type is shown fusing the cervix to the rectum and 
superficially invading these structures. The ovarian hematoma or hemorrhagic 
cyst is shown both in situ and also in sagittal section, with evidence of a 
previous perforation, indicated by the arrow. The diagnosis is evident—an 
ovarian hematoma of endometrial type with perforation and the escape of some 
of its epithelium into the culdesac and the subsequent growth of this epithelium 
giving rise to an adenoma of endometrial type in this situation as in an ovarian 
carcinoma with perforation. 
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Fig. 19 (Case 10).—Implantation adenoma of endometrial type of the rectum, 
rectovaginal septum, mesentery of the appendix, epiploic appendage of the 
sigmoid, tubes, posterior layers of both broad ligaments, posterior uterine wall ; 
hematoma of endometrial type of the left ovary (not perforated) and of the 
right ovary perforated, multiple leiomyomas. Posterior view of the uterus and 
appendages as they appeared at the operation; xX %. The ovaries are also 
shown in cross section. On drawing the uterus upward, the rectum is carried 
with it because it is fused to the posterior wall of the cervix and the lower 
portion of the body of the uterus. The characteristic lesions are shown on the 
wall of the rectum above its fusion with the uterus. Implantation adenoma of 
the uterus is shown at Ad; at H an endometrial hematoma is situated in the 
uterine wall (Fig. 23). The implantations (i) are shown on the posterior sur- 
face of both broad ligaments. The left ovary was not adherent and a non- 
perforated hematoma of endometrial type is shown in the cross-section of this 
ovary at c. The right ovary was densely adherent to the posterior surface of 
the uterus. When it was freed, “chocolate” fluid escaped, because a previous 
perforation had occurred (indicated by arrow and p). The right ovary is shown 
in cross-section (collapsed) ; compare Figure 24. 
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Fig. 20 (Case 10).—Appendix and portion of an epiploic appendage of the 
sigmoid (natural size). An implantation adenoma of endometrial type is 
present in the mesentery of the appendix at 4 (Compare Fig. 21). The appear- 


ance of the characteristic lesions of the epiploic appendage is shown in Ep. app. 
(Compare Fig. 22). 





Fig. 21 (Case 10).—Cross-section of the appendix and its mesentery through 
the adenoma with hemorrhage (h) into the tissue about it (Compare Fig. 20 A). 


Histologically, it is similar to those shown in Figure 22. L is a small. lymph 
node. 
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Fig. 22 (Case 10).—Photomicrograph of a section of the epiploic appendage 
shown in Figure 20. This shows a characteristic lesion with evidence of 
hemorrhage in the lumen of the dilated glands and also in tissue about them, 
thus causing the pigmented elevations shown in Figure 20. 





Fig. 23 (Case 10)—Hematoma of endometrial type in the posterior uterine 
wall at H, Figure 19. I believe it arose from an implantation adenoma of 
endometrial type as shown in Figure 10, and that the blood is menstrual. What 
is the source of the implantation adenomas shown in this and previous i!lustra- 
tions of this case? They could have arisen from the perforated hematoma of 
the right ovary shown in Figure 19 (Compare Figure 24). 
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intestine often associated with a marked thickening of the 
muscle and connective tissue (Figs. 6, 54 and 55). At other times 
there is very little reaction. Many varieties of “endometrial” tissue 
and its derivatives are found, such as glands and tubules, with and 
without a characteristic uterine stroma, dilated tubules with flatten- 
ing of the epithelium (Figs. 42 and 43), miniature uterine cavities 
(Fig. 43), hematomas due to the retention of menstrual blood (Figs. 
42 and 46) and structures resembling the mucosa of the fallopian tube. 

The invasion of the rectum is usually associated with a thicken- 
ing of the rectal wall easily detected on rectal palpation. Sometimes 
the growth extends downward, between the rectum and the vagina, 
forming a tumor mass also easily felt on both vaginal and rectal 
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Fig. 24 (Case 10).—Section of the wall of the perforated hematoma of the 
right ovary through the pocket ¢, Figure 19. It is lined in places by epithelium 
of endometrial type, some of which has been carried away by the underlying 
hemorrhage and out through the perforation into the peritoneal cavity, thus 
giving rise to the implantations. The pocket is lined by endometrial tissue as 
characteristic as that lining the uterine cavity. 


palpation (Fig. 25). The involvement of the sigmoid may be super- 
ficial, as shown in Figures 26 and 32, and already discussed. When 
the invasion is deep, it may cause an indentation of the wall of the 
sigmoid, with or without characteristic gross lesions on the surface 
(Figs. 4, 27 and 41). The condition may sometimes closely simulate 
carcinoma. The implantation may involve the epiploic appendages ; 
they may become thickened and contracted, sometimes “curled up” 
(Figs. 4 and 6). Two epiploic appendages may become adherent to 
each other, as though tied together (Figs. 37 and 39). The epiploic 
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appendages may furnish a portal of entry to the invasion of the sig- 
moid, as suggested in Figures 42 and 46. The vermiform appendix may 
be invaded from implantations on its surface (Figs. 47 and 48), its 
mesentery (Figs. 20 and 21) and at the junction of its mesentery 
with the appendix (Figs. 50 and 56). 

Two instances of invasion of the small intestine are reported in 


this series, one from implantation on the peritoneal surface, fusing 


the adjacent walls of the loop and invading it (Figs. 53 and 54). 


Fig. 25 (Case 10)=—Condition prior to the operation, as seen in sagittal 
section of the uterus and adjacent structures; * %. The implantation adenoma 
lodging and growing in the culdesac has invaded both the uterus and the rectum, 
fusing these parts, and has extended downward between the rectum and the 
vagina to the right of the cervix (the perforated hematoma was in the right 
ovary) forming a tumor which could be distinctly felt before operation both 
on vaginal and rectal palpation. 


The second was by direct extension from an implantation on the sur- 
face of the uterus, which became adherent to a loop of the small 
intestine and superficially invaded the intestine but more extensively 
invaded the uterus, forming an “adenomyoma”’ (Figs. 59 and 60). 
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Of great pathologic and clinical importance is the invasion of the 
lymph channels by endometrial polyps (Figs. 44 and 45). The latter 
suggests that metastases may arise and explains the origin of adenoma 
of endometrial type found in the groin and other places, just as 


metastases in such places occur in ovarian carcinoma. Such metastases 
“adenomyoma” arising from the mucosa of the 
uterine cavity or the fallopian tube. In a case which I am studying at 
the present time, an ‘ 
the uterus. 


may also arise from 


‘adenomyoma” was present in both the groin and 














Fig. 26 (Case 8).—Implantation adenoma (of endometrial type) of the sig- 
moid, anterior and posterior surface of the uterus; large hematoma of endo- 
metrial type of the left ovary with evidence of a previous perforation, uterus 
retroverted, its posterior wall being adherent to the rectum and sigmoid. View 
of the pelvic contents from above; xX %. The hemorrhagic bleb (a) on the 
mesentery of the sigmoid is similar to the one shown in Figure 4 and also to 
the ones indicated by the letters c and d of this illustration. An adenoma of 
endometrial type was present in the uterine wall beneath the blebs (c and d), 
and I believe the blebs were encysted menstrual blood from the adenoma 
implanted in these areas. The area on the sigmoid indicated by b was slightly 
elevated and contained small pigmented elevations, the latter probably due to 
retained blood in dilated tubules of endometrial type or hemorrhage into the 
tissues about these tubules as shown in Figure 22. The areas at a and b were not 
excised. 
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For further details in regard to the pathologic conditions arising 
from these implantations on the intestines, see the illustrations with 
their legends. 


CLINICAL FEATURES OF INTESTINAL ADENOMAS OF 
ENDOMETRIAL TYPE 


These adenomas are analogous to the intestinal carcinomas result- 
ing from the implantation of malignant epithelium directly on the 
surface of the intestine or the invasion of the intestine from an 
implantation on an adjacent structure. In ovarian carcinoma, with 
its secondary peritoneal implantations, the conditions resulting from 
these implantations may be of much greater pathologic interest and 








Fig. 27 (Case 8).—Implantation adenoma of the sigmoid (natural size). 
This was situated just back of the fundus of the uterus. The intestine is 
indented at this place (ad); its wall is thickened, and small pigmented pockets 
and slight elevations are present as in Figure 26b. This area was not excised. 


clinical importance than the primary growth in the ovary or ovaries, 
which is sometimes small. The first definite symptom arising from an 
ovarian carcinoma with its secondary implantations may be that of 
intestinal obstruction due to the occlusion of the lumen of the intestine 
invaded by the implantation. In other instances of peritoneal carcinoma, 
the involvement of the intestines is chiefly of histologic interest as 
compared with the primary growth. This is also true of ectopic 
pelvic adenomas of endometrial type. Fortunately, the latter are not 
so invasive as carcinoma; they grow more slowly, and their distribu- 
tion is more limited. They differ from carcinoma in another interesting 














SAMPSON—INTESTINAL ADENOMAS 241 


feature: They may combine function with invasions; they may take 
part in menstruation. The escape of the menstrual blood from the 
implantation into the peritoneal cavity may cause other implantations 
and may give rise to pain during the menstrual period. The distention 
of hematomas with menstrual blood may also cause pain at that time; 
and if the hematomas are situated in the wall of the intestine, the 
impairment of its function may be more evident or only present during 
menstruation (Cases 2, 4, 8 and 10). 

All implantation pelvic adenomas of endometrial type have certain 
clinical features in common. They usually manifest themselves in 




















Fig. 28 (Case 8).—Perforated hematoma (of endometrial type) of the left 
ovary with implantation adenoma of the posterior uterine wall. Posterior view 
of the uterus, tubes and ovaries; * %. The uterus was densely adherent to the 
rectum and sigmoid and was separated from the latter with difficulty. When 
an attempt was made to free the left ovary, the wall of its hematoma was 
torn and a large amount of “chocolate” fluid escaped. The wall of the hematoma 
was so densely adherent to the sides of the pelvis that it was removed in frag- 
ments, hence the hematoma is indicated only in outline. Both tubes were 
apparently patent, and the left tube was covered with adhesions, probably due 
to the irritating action of the contents of the hematoma. Sections of the left 
tube showed, in places, implantation adenoma. The hemorrhagic blebs on the 
fundus at a are the same ones shown in Figure 26 b. The pitted appearance of 
the posterior wall of the uterus indicated by b is characteristic of implantation 
adenoma when involved adherent structures have been separated, thus exposing 
the adenoma in the depressions or pits between the adhesions (Compare Figs. 
29 and 30). 
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women between 30 years of age and the menopause. They may occur 
in younger women but I have seen only one instance in a woman after 
the menopause. In this case the condition was apparently inactive. 
There is often a history of sterility in married women or of no preg- 
nancies in several years. The latter condition may in part be due 











Fig. 29 (Case 8).—Implantation adenoma invading the wall of the uterus. 
Photomicrograph of a portion of the uterine wall through one of the pits. The 
arrow indicates the bottom of the pit between the adhesions. The adenoma on 
the surface of the uterus is here shown invading the wall of the uterus. 


Fig. 30 (Case 8).—Implantation adenoma on the surface of the uterus. The 
photomicrograph shows a polypoid condition of the endometrium lining the 
bottom of a wide pit which has been exposed by freeing the uterus from the 
adherent sigmoid. 


to the age of the patient, as these adenomas frequently occur in 
women in the latter part of the child-bearing age. Painful menstrua- 
tion of the acquired variety, or increasing in severity, is quite a com- 
mon symptom (Cases 2, 4, 5,8 and 10). If pain is present, independent 
of menstruation, it is not characteristic but varies as does pain 
associated with pelvic adhesions due to other conditions. The symp- 
toms for which the patient seeks relief may be due to some other 
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pelvic condition and the adenomas may be an accidental finding (Cases 
1, 3, 5, 6 and 7). The implantation on, or the invasion of, the 
intestinal tract may be chiefly of histologic interest (Figs. 20, 32, 37, 
47, 50 and 56) and does not cause any symptoms. When the growth 
in any way encroaches upon the lumen of the intestine, then symptoms 











Fig. 31 (Case 8).—Photomicrograph showing the lining of the ovarian 
hematoma near the hilum of the ovary. Epithelium of endometrial type is still 
present in places; in other places it has been carried away by the underlying 
hemorrhage escaping into the cavity of the hematoma. The greater portion of 
the hematoma was lined by a pigmented layer of ovarian stroma (evidence of 
old hemorrhage), without an epithelial covering. Epithelium escaping through 
the perforation could have given rise to the implantations. 
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Fig. 32 (Case 11).—Uterine polyp p attached to the peritoneal surface of 
the sigmoid (natural size). Implantation adenoma of endometrial type (Com- 
pare Fig. 33). 


arising from this may occur; and these may be more marked, or 
only present, during the menstrual period (Cases 2, 4, 8 and 10, Figs. 
4, 25, 27 and 42). Marked constipation, partial obstruction, painful 
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bowel movements and pressure sensations in the rectum during the 
menstrual period, especially in women between 30 years of age and 
the menopause, are suggestive of this condition. 

The physical signs vary greatly. The involvement of the intestine 
may be so slight or the lesion may be so situated that it cannot be 
detected prior to operation. The palpatory findings in the culdesac, 
when present, furnish the most characteristic physical signs. The 
uterus is often retroflexed or retroverted and adherent. It often con- 
tains leiomyomas. The palpatory findings of an adenoma which may 
be detected on digital palpation through the vagina or rectum depend 
on many factors, as its situation, extent and form. It may be localized 
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Fig. 33 (Case 11).—Photomicrograph of a longitudinal section of the polyp 
shown in Figure 32. Histologically, it is similar to a polyp arising in the 
uterine cavity. Where could it have come from? Compare Figures 35 and 36. 


or diffuse, slight or extensive, smooth or nodular (shotted). If slight, 
the rectal involvement gives the impression of a slight thickening 
in the anterior rectal wall or a localized nodule without involvement 
of the rectal mucosa. In extensive cases it may simulate malignancy. 
Sometimes a condition which gives the impression of involvement of 
the anterior rectal wall proves at operation to be an invasion of the 
posterior wall of the cervix or uterus which is adherent to the rec- 
tum. In other cases the adenoma may extend down between the 
rectum and vagina forming a tumor in this situation (Fig. 25). 

The ovarian hematoma, if large, may be readily detected and the 
condition may simulate an adherent or malignant ovarian cyst (Figs. 
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3 and 26). If smaller it may simulate, on palpation, adherent ovaries 
associated with the results of pelvic peritonitis. In other instances, 
the ovarian condition may be so insignificant that it cannot be 
detected prior to operation; it may also be easily overlooked at the 
time of the operation and even in the routine examination of the 
ovaries in the pathologic laboratory (Figs. 51 and 52). There is also 
the possibility that implantation adenoma of endometrial type may 
arise from other sources than ovarian hematomas, as will be discussed 
later. 

The diagnosis of this condition prior to operation can usually be 
made in typical cases. The age of the patient, the acquired dysmenor- 
rhea, the disturbance of intestinal function during menstruation, the 











Fig. 34 (Case 11).—Photomicrograph of an implantation adenoma of endo- 
metrial type on the posterior surface of the uterus (Fig. 35 a). Histologically, 
it is endometrial tissue; similar implantations were also found on the anterior 
surface of the uterus. Where could they have come from? Compare Figures 
35 and 36. 


detection of a small adherent ovarian cyst or adherent ovary and 
the palpatory findings in the culdesac present a syndrome rarely fur- 
nished by any other condition. Ina typical case or in those dominated by 
some other, and a more evident, condition, the pelvic adenoma is easily 
overlooked. Of the nineteen cases of ectopic pelvic adenomas in which 
I have operated since May 1, 1921, a correct preoperative diagnosis 
of the condition was made in ten and it should have been made in 
three others. In the remaining six the diagnosis could not have been 
made prior to operation as the adenomas were small and insignificant. 
Of the ten cases in the present series in which I operated, a correct 
preoperative diagnosis of the condition was made in five and should 
have been made in two others. 
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TREATMENT 


The operative treatment of any pelvic condition occurring in women 
who are still in the child-bearing age should be determined by many 
factors, such as the pathologic condition, the desire of the patient for 
conservative surgery, the results of the operative treatment of simi- 
lar conditions and especially the natural course of the disease with- 
out operative interference. There are usually two pathologic condi- 
tions which present themselves at the time of the operation in implanta- 
tion adenomas of endometrial type; first, the hematoma of the ovary 
or ovaries which may be the most evident pathologic condition found 























Fig. 35 (Case 11).—Perforated hematoma (of endometrial type) of the left 
ovary with implantation adenomas (of endometrial type) on the anterior and 
posterior surfaces (Fig. 34) of the uterus and on the anterior surface of the 
sigmoid (Figs. 32 and 33). Posterior view of the uterus, tubes and ovaries; 
< %. When the adherent left ovary was freed a small amount of “chocolate” 
fluid escaped because a previous perforation (p) of the hematoma, which had 
been sealed by the side of the pelvis to which the ovary had become adherent, was 
reopened. Could the implantations of adenoma have come from this source? 
Compare Figure 36. 


in the pelvis (Figs. 3 and 26). In other cases the ovarian condition 
may be of minor importance as compared with the implantation 
adenomas or is so insignificant as to be overlooked easily or it may 
occasionally be absent. Second, the implantation adenoma of some 
portion of the intestinal tract may be the outstanding condition (Fig. 
41). In other cases it may be insignificant (Figs. 32 and 37). One 
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Fig. 36 (Case 11).—Photomicrograph of a section of the wall of the ovarian 
hematoma. It is in part lined by epithelium of endometrial type. Its function 
is similar to that of endometrium, namely, menstruation. Evidence of recent 
(fresh blood) and old hemorrhage (pigmented cells) is present in the wall of 
the hematoma, thus suggesting repeated hemorrhage as in menstruation. Some 
of the epithelium has been carried away by the underlying hemorrhage. What 
became of this epithelium? The evidence of a previous perforation would 
indicate that some of it might have escaped into the peritoneal cavity with 
the contents of the hematoma at the time of the perforation. The implantation 
adenomas just described have developed where the contents from such a per- 
foration would be likely to fall. 
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Fig. 37 (Case 7).—Implantation adenoma (of endometrial type) of the 
sigmoid and its epiploic appendages (natural size). Many irregular white 
elevations were present on the anterior surface of the sigmoid, apparently scars 
resulting from some irritating substance coming in contact with it. A brownish 
pigmented bleb is present at b (Compare Fig. 38) and two epiploic appendages 
on each side of the sigmoid (¢) are adherent to each other as though ligated. 


The bleb (b) was excised and the epiploic appendages (e and e) were removed 
(Fig. 39). 
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would suppose that with the establishment of the menopause ovarian 
function would cease and that the implantation adenomas of endo- 
metrial type wherever situated would not only stop growing but would 
actually atrophy. I believe this is the rule; possibly there may be an 

















Fig. 38 (Case 7).—Cross-section of the bleb b (Fig. 37). It is a hematoma 
filled with old blood and lined by epithelium, columnar near the base and 
flattened toward the periphery. I believe it is a hematoma of endometrial type. 
Where could it have come from? Compare Figure 40. 














Fig. 39 (Case 7).—Cross-section of two of the fused epiploic appendages. 
They have become fused and are invaded by tubules of endometrial type. 


occasional exception. To attempt to remove the pelvic implantation 
adenomas and disregard the condition in the ovaries or to preserve 
ovarian tissue is attended with the danger of possibly leaving an 
important focus in the ovaries for reimplantation; and, furthermore, 




















SAMPSON—INTESTINAL ADENOMAS 






249 


the persistence of ovarian function may stimulate the, growth of 
implantations, which were not removed, wherever they may be 
situated (Case 12). My present reaction in these cases is to remove 
the uterus, both tubes and ovaries, and to disregard the implantations 
(including intestinal), except as they may be easily removed for 
histologic study (Cases 4, 7,8, 10 and 11). The uterus is often retro- 
flexed and adherent, and myomas and other pathologic conditions are 
present, as shown in the cases reported in this and in the previous 
series. There are, therefore, often indications for the removal of the 
uterus, tubes and ovaries other than the implantations and ovarian 
hematomas. I have occasionally saved ovarian tissue in these cases, 

















Fig. 40 (Case 7).—Perforated hematoma (of endometrial type) of the left 
ovary with implantation adenoma on the posterior surface of the uterus (a and 
c) and the right ovary (b), fibroma of the right ovary; submucous leiomyoma 
of the uterus. Posterior view of the uterus and tubes, ovaries turned upward, 
showing their under and lateral surfaces; X %. On freeing the adherent left 
ovary a small amount of “chocolate” fluid escaped from a previous perforation 
(p), which was reopened. The ovary, which is shown in cross-section, con- 
tained two hematomas of endometrial type, one (¢) had not perforated and the 
other (f) had. Implantation adenomas of endometrial type are present at 
a, b and c. The right ovary, which is shown in cross-section, contained a 
fibroma. The lining of the perforated hematoma of the left ovary is similar to 
the one shown in Figure 36. The left ovarian hematoma of endometrial type 
with evidence of a previous perforation indicates a source of the implantation 
adenomas. 
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Fig. 41 (Case 2).—Implantation adenoma (of endometrial type) of the sig- 
moid, uterus, rectum, ovaries, and perforated hematoma of endometrial type of 
the left ovary, small leiomyomas of the uterus. Sagittal section of the pelvis 
(X %), showing the condition found at operation. On drawing the uterus 
upward and forward the rectum and lower sigmoid were carried with it because 
they were fused with the posterior wall of the cervix and uterus. Indentations 
of the sigmoid were situated at A and B. The one situated at A was the more 
evident of the two; the wall of the sigmoid about the indentation was thickened, 
and on palpation it simulated carcinoma. On freeing the left ovary an ovarian 
hematoma (A) was ruptured (p); compare cross-section of the left ovary in 
the insert. This proved to be a hematoma of endometrial type fully described 
in Case 19 of the previous publication. The indurated area A of the sigmoid 
was excised and a section of this area is shown in the insert and in Figure 42. 
Implantation adenoma was also found invading the posterior uterine wall, the 
left broad ligament (Fig. 45) and the surface of both ovaries. What is the 
source of these implantations? The ovarian hematoma of endometrial type of 
the left ovary with evidence of a previous perforation could have furnished the 
epithelium from which these implantations arose, just as ovarian cancer with 
evidence of a perforation gives rise to peritoneal implantations. 
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as in Cases 1 and 5 of this series and in some of those reported in 
the previous series and intended to do so in selected cases. Three of 
the patients whose cases were reported in the previous series were 
not relieved by the operation and one was operated on again.*’ I am 
awaiting with great interest the end-results of all of these cases. 

We must not lose sight of the fact that for many years we have 
been operating in these cases without realizing the exact nature of 
the disease. The results have been for the most part quite satisfactory, 
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Fig. 42 (Case 2).—Section of the wall of the sigmoid which was excised 
(Fig. 41 4). It shows a typical adenoma of endometrial type. The implanta- 
tion apparently began on the peritoneal surface, possibly through an epiploic 
appendage, indicated by the arrow, and invaded the subserosa and then wormed 
its way through the muscularis forming hematomas (H) in the submucosa. 
The latter were filled with retained “menstrual” blood. The hematoma on the 
left is in part lined by typical uterine mucosa. The patient complained of 
dysmenorrhea and symptoms of intestinal obstruction at the menstrual period. 
The distention of the hematomas with blood at the menstrual period offers an 
explanation of the cause of the intestinal obstruction at that time. 
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Fig. 43 (Case 2).—A small uterine cavity found in a section of the wall of 
the sigmoid. 











Fig. 44 (Case 2).—Endometrial polyp invading a lymph vessel in the sub- 
serosa of the sigmoid. These polyps are frequently found in implantation 
adenomas of endometrial type. 
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because the growth is usually of only histologic interest or only mildly 
invasive, and often the proper operative treatment was used without 
realizing it. I wish to emphasize what seems to me to be an important 
practical point. On detecting what appears to be a carcinoma of some 
portion of the intestines, especially of the sigmoid and rectosigmoid, 
the surface of this area should be carefully inspected to see whether 
it presents the external features of an implantation adenoma of this 
type (Figs. 4, 14, 19, 27, 32 and 37); other implantations should be 
looked for, and, most important of all, the ovaries should be care- 
fully examined to see whether a hematoma is present with evidence 




















Fig. 45 (Case 2).—Implantation adenoma (a) on the surface of the broad 
ligament and invading a lymph vessel in the broad ligament. Two endometrial 
polyps (e, p) are shown, the larger one came from the adenoma (b) of this 
illustration. The invasion of the lymph vessels by these adenomas suggests that 
they may metastasize through these channels and offers one explanation for the 
appearance of adenoma in the groin. The invasion of the uterine wall was 
described in the previous article. 


of a previous perforation, bearing in mind that the ovarian hematoma 
may be small (Fig. 52). If these are found, the true diagnosis is 
evident. My present opinion is that on making such a diagnosis it is 
preferable not to resect the portion of the intestine involved but to 
deal with the pelvic organs as I have just stated. 


THE ORIGIN AND DEVELOPMENT OF OVARIAN HEMATOMAS 
OF ENDOMETRIAL TYPE 


In the previous communication, I! described small hemorrhagic 
areas in the ovaries of three patients that had been operated on 
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during their menstrual period. Histologically, these areas proved to be 
due to hemorrhage about, or into, a space lined by tissue of endometrial 
type. I stated that I believed that these glandlike spaces were lined by 
epithelium of endometrial type, as shown by their structure and by 
their function (menstruation). I also stated that ovarian hematomas 
of endometrial type might arise from this misplaced epithelium either 














Fig. 46 (Case 1).—Section of the wall of the sigmoid showing an adenoma 
of endometrial type invading it. A portion of the sigmoid was resected (diag- 
nosis of carcinoma). The left ovary was cystic and adherent. The left tube and 
ovary were removed. There was no note in the record of the case in regard 
to the exact condition of the ovary (operation twelve years ago). The portal 
of entry of the implantation was apparently on the surface of the intestine near 
the place indicated by the arrow. The adenoma first invaded the subserosa and 
then wormed its way through the muscularis forming a hematoma at H. The 
section suggests that the portal of entry might have been through an epiploic 
appendage. Many of the epithelial cells in the dilated tubules were ciliated. 


by relining a follicular hematoma which might rupture near, or into 
them (the secondary epithelialization of follicular hematomas) ; or by 
hemorrhage (menstrual) into the lumen of the gland or space, they 
may develop into endometrial hematomas which they already are in 
miniature (Fig. 62). I have been unable to demonstrate the secondary 
epithelialization of follicular hematomas. Many sections which I have 
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seen might be interpreted as such; but all of these can be better 
explained by the regeneration of an endometrial hematoma, after 
hemorrhage and perforation, from epithelium left behind or possibly 
from cells which escaped through the perforation but which have grown 
in again. I have found every stage in the development of ovarian 
hematomas of endometrial type from these glands and tubules lined 
by tissue of endometrial type which may react to the menstrual impulse. 
If these tubules or glands are situated near the surface of the ovary, 
perforation occurs while they are still small (Fig. 62), a few milli- 
meters in diameter or even microscopic in size. Epithelium may escape 
into the peritoneal cavity from these miniature hematomas (perforating 
hemorrhagic cysts) and give rise to implantations. Reveated hemor- 











Fig. 47 (Case 9).—Implantation adenoma (of endometrial type) on the 
appendix and its mesentery, invading the former at ad, Figure 48. The appen- 
dix, uterus and both tubes and ovaries were removed (operation by Dr. Elting). 
The dark elevations on the surface of the appendix and its mesentery consist of 
typical endometrial tissue with hemorrhage in its stroma (Fig. 49). Adenoma 
of endometrial type was also found invading the posterior wall of the uterus. 
What is the source of these implantation adenomas of endometrial type? 
Typical hematomas of endometrial type were present in both ovaries with 
evidence of perforation. 


rhages into the lumen of the smaller cysts, with loss of the overlying 
epithelium and repeated perforations, may destroy the cyst. If the 
endometrial tubule is situated in the deeper portion of the ovary, then it 
may develop into a large hematoma before perforation as in Figures 13, 
18, 19 and 28. In the previous communication I referred to the pig- 
mented “luteal” lining in parts of some of the hematomas which differed 
from that of a corpus luteum hematoma. At that time I believed that 
this “luteal” like lining in many of the specimens arose from hemor- 
rhage into the wall of an endometrial cyst, with subsequent loss of the 
over-lying epithelium and the retention of the blood pigment in the 
tissues and cells of the cyst wall, and this is true. There were other 
instances in which this pigmented layer resembled the remains of a 
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corpus luteum and I was uncertain as to its origin in these cases. The 
endothelial leukocytes, which often play an important role in the 
development of the pigmented “luteal” layer, may sometimes simulate 
in their appearance and arrangement true luteal cells. My later studies 
have shown me that the development of all of the luteal-like layers in 
all the sections which I have studied of this type of ovarian hematoma 


Fig. 48 (Case 9).—Implantation adenoma (of endometrial type) on the sur- 
face of the appendix and invading its wall at ad. Cross-section of the appendix 


and its mesentery taken through one of the hemorrhagic elevations shown in 
Figure 47. 


may be traced from hemorrhage into the ovarian tissue lining the hema- 
tomas and its invasion by endothelial leukocytes. The various changes 
which take place in these hematomas during their development (includ- 
ing their reaction to menstruation) and retrogression must be reserved 
for another communication. 

How does the epithelium of endometerial type reach the ovary? Is 
it of millerian or wolffian duct origin? Cilia are sometimes present on 
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Fig. 49 (Case 9).—Photomicrograph of the larger implantation adenoma 
shown in Figure 48. Histologically, it resembles hypertrophied endometrium. 

















Fig. 50 (Case 6).—Photomicrograph of a portion of the wall of the appendix 
and its mesentery showing tubules of endometrial type (a). Some of the cells 
were ciliated. Small implantations of endometrial type were also present in 
the culdesac. Where could they have come from? Compare Figure 51. 
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the epithelium lining these tubules in the ovary, likewise on the epithe- 
lium in the larger hematomas and in the implantation adenomas. Cilia 
may sometimes be found on the epithelium of the uterine mucosa, 
more often on that lining the fallopian tubes and at times in the 
“adenomyomas” arising from the invasion of the uterine and tubal 
mucosa into the walls of the uterus and tube. The most natural con- 
ception of their origin would be that they arise from developmentally 
misplaced millerian epithelium (Russell) or from the invasion of 





Fig. 51 (Case 6).—Photomicrograph through a small pigmented area on the 
lateral surface of the right ovary showing tubules of endometrial type (9) 
similar to those found in the appendix (some of the cells were ciliated). The 
right ovary was lightly adherent (compare adhesions ad) in the photo- 
micrograph. Two small areas of pigmentation were noticed on the lateral and 
lower surfaces of the ovary. The pigmentation was due to the remains of a 
former stromal hemorrhage. The condition may be the remains of a small 
ovarian hematoma of endometrial type, as in Figure 52. Repeated hemorrhages 
and perforation with the casting off of the epithelium lining the hematoma may 
have removed the greater portion of this epithelium and the present condition 
arose from the repair which followed. A few epithelial cells remained and 
these developed into tubules or glands (g). Some of the epithelium which 
was cast off could have given rise to the implantations in the appendix and in 
the culdesac. 


tubal epithelium from the fimbriae in contact with the ovary. Tubules 
are sometimes present in the hilum of the ovary which are apparently 
of wolffian duct origin and these might be considered as a source of 
these hematomas. 

The data which I have been able to obtain suggest that tubal and 
uterine epithelial cells may, under certain circumstances (as an 
abnormal menstruation with a backflow), be expelled from the 
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fimbriated end of the tube and lodge on the surface of the ovary. They 
may become embedded in the tissues of the ovary and, true to their 
type, form glands and tubules which may actually invade the ovary. 
The process is analogous to that which results from the implantation 
of epithelial cells on the peritoneum from the perforation of ovarian 
hematomas of endometrial type, as described in the previous and also 
in this communication. Some of these glands and tubules which have 
invaded the ovary react to menstruation and develop into hematomas 
of endometrial type (Fig. 62). If they are situated near the surface of 
the ovary, perforation occurs early (while the hematoma is small, 











Fig. 52 (Case not reported in this series).—Photomicrograph of a small per- 
forated hematoma of endometrial type of the ovary. This hematoma was about 
1.5 mm. in diameter. It is lined by epithelium of endometrial type some of 
which is ciliated; underlying stromal hemorrhage (menstrual) is present. Some 
of the epithelium has been cast off by this hemorrhage rupturing into the lumen 
of the hematoma. A perforation of the hematoma is present and implantation 
adenomas were’ also found in the culdesac, invading the posterior wall of the 
uterus. Repeated hemorrhages and resulting loss of the epithelial lining of 
the hematoma followed by repair might give rise to the condition shown in 
Figure 51. If all of the epithelium was destroyed, it might in time be impossible 
to find any trace of the hematoma in the ovary and I believe that this some- 
times occurs. 


Fig. 52) and some of the epithelium lining the hematoma, which has 
been expelled into the cavity of the latter by the subepithelial hemor- 
rhage of menstruation, may be carried with the hemorrhagic contents 
of the hematoma through the perforation into the peritoneal cavity. 
Implantation adenoma of endometrial type may arise from the con- 
tents of such a hematoma as well as from the larger ones; but they 
are apparently not so widely distributed. If the hematoma develops 
from a tubule which has penetrated the deeper tissues of the ovary, 
it may reach a larger size before perforation occurs and a larger 
amount of menstrual blood, including epithelium, may escape into the 
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pelvis than from a smaller hematoma. Implantation adenoma from a 
perforated ovarian hematoma may arise on any of the pelvic structures, 
including the surface of the ovary from which the perforation has 
occurred, and also on the opposite ovary and develop into other ovarian 
hematomas. I consider the ovary as a sort of intermediary host, hotbed 
or incubator. A very interesting phenomenon is evident in many of 
these cases, that is, the epithelium expelled from these hematomas 
often displays a greater degree of vigor and invasiveness than similar 
epithelium manifests in the ovaries with hematomas which have not 
perforated. I also believe that it is possible that tubal and uterine 
epithelium escaping from the tube may become deposited on the sur- 
face of other pelvic structures than the ovary and may give 
rise to implantation adenomas similar to those from a_ perforated 
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Fig. 53 (Case 3).—Implantation adenoma (of endometrial type) of the ileum. 
About 4 inches (10 cm.) from the cecum a loop of the ileum was found to be 
thickened and the adjacent walls of the intestine were fused together. This 
portion of the ileum was resected and an end-to-end anastomosis was per- 
formed (operation by Dr. Sadlier). Figure A represents the appearance of 
the loop. Figure B-shows the appearance of one half of the loop after cutting 
across the intestine and separating the adherent walls. The adenoma had 
developed on the surface of the intestine and had invaded the adjacent walls 
which in places were greatly hypertrophied, thus narrowing the lumen of the 
intestine, also shown in Figure 54, a section from another portion. The eleva- 
tion at a is a growth (implantation), histologically similar to a uterine polyp. 


ovarian hematoma. In the cases which I have interpreted as possibly 
arising in this manner, the implantations have not shown the same 
degree of vigor and invasiveness as those usually found when an 
ovarian hematoma with evidence of a previous perforation is present, 
and histologically they may differ in minor ways. It is for these reasons 
that I look upon the ovary as an intermediary host, a hotbed or incu- 
bator. In the cases above referred to, the implantations may have come 
from a small ovarian hematoma which has disappeared. 
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This theory as to the origin of these ovarian hematomas and also 
their relation to endometrial implantations is based on the following 
data. The ovarian hematomas are of endometrial type as shown by 
their structure, function (reaction to menstruation) and their endo- 
metrial implantations. They are rarely found in women under 30 
years of age. If of developmental origin, we would expect to find them 
in younger women. They develop during the menstrual life of the 
patient in a period when tubal and uterine epithelium might escape 
from the fimbriated end of the tube and become deposited on the 























Fig. 54 (Case 3) —Adenoma (of endometrial type) invading the ileum. Cross- 
section of the intestine showing the adenoma invading its wall and the marked 
thickening of the circular muscle. What is the source of the adenoma? Com- 
pare Figure 57. 


surface of the ovary just as peritoneal implantations arise from the 
perforation of ovarian hematomas. In forty-nine cases of perforated 
ovarian hematomas which I have studied, the tubes were apparently 
patent in all, suggesting that this avenue for this source of implanta- 
tion was open. These hematomas usually develop on the lateral and 
the under surfaces of the ovary, the portions of the ovary most likely 
to be soiled by material escaping from the lumen of the tube, as well 
seen in the ovarian adhesions found in pelvic inflammatory disease of 
gonorrheal origin, and they are also often bilateral. 
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In thirty-seven cases of ovarian hematomas of endometrial 
type with perforation, in which I have studied microscopically 
the tissues involved in the adhesion apparently resulting from 
escape of the contents of the cyst, adenoma of endometrial type 
was found in all but one specimen. On the other hand, in three cases 
of typical ovarian hematomas of endometrial type without any evi- 
dence of perforation, adhesions were not present in the pelvis and there 
was not any gross evidence of implantation adenomas; the pelvis was 
examined very carefully in each instance. In the cases of perforated 
ovarian hematoma with implantation, the extent of the implantation 
usually varied with the size of the hematoma and apparent size of 
the perforation. The larger the hematoma and the greater the size 
of the perforation the more extensive the distribution of the 
implantations. 











Fig. 55 (Case 3).—Adenoma (of endometrial type) invading the wall of the 
intestine. Photomicrograph showing the adenoma pouring into the muscular 
coats of the intestine. 


May implantation adenoma occur from other sources than a per- 
forated ovarian hematoma of endometrial type? I believe that this 
is possible, although it is difficult to exclude the ovarian source in any 
case. The ovarian hematomas may be very small and easily missed 
(Fig. 52), or as the result of repeated hemorrhage and loss of epithe- 
lium, they may become inconspicuous (Fig. 51) or even disappear. I 
believe that tubal and uterine epithelium escaping from the tube into 
the peritoneal cavity might, under proper conditions, give rise to 
implantation adenomas in the culdesac or wherever the epithelium 
may lodge, just as I believe the ovarian hematomas arise from this 
source. During the last year and a half I have operated on six 
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patients for uterine myomas in whom small peritoneal implantations 
of endometrial type were found in the culdesac without gross evidence 
of a perforated hematoma in the ovaries. One or both ovaries were 
removed in each instance. In the ovaries of three of the six patients, 
tubules of endometrial type were found, which I interpreted as the 
possible remains of a small ovarian hematoma which had perforated, 
or they were tubules which had not developed into hematomas. In a 
fourth specimen, an area containing pigmented cells was found in 
the ovary, which suggested the remains of a small ovarian hematoma. 
In the other two cases, tubules of endometrial type were not found 
in the ovary and there was not any evidence of a previous stromal 





Fig. 56 (Case 3)—Adenoma (of endometrial type) invading the appendix. 
Photomicrograph of the appendix and its mesentery showing the adenoma (ad) 
invading the appendix at its mesenteric attachment. Cross-sections of small 
tubules of endometrial type are shown at a and a. (From a section lent by Dr. 
H. P. Carpenter). What is the source of the adenoma? Compare Figure 57. 


hemorrhage. These may have been missed, as serial sections of the 
ovaries were not made. In the other thirty-eight instances of pelvic 
adenoma of endometrial type, an ovarian hematoma or hematomas 
of endometrial type were present, with evidence of previous perfora- 
tion which could account for the adhesion and implantations. It is 
interesting to note the difference in the character of the implantations 
where there was no gross evidence of an ovarian hematoma with 
perforation. They were usually small and inconspicuous as compared 
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with those usually found in the pelvis associated with ovarian hema- 
tomas with evidence of perforation, and histologically they usually 
differed from them in minor ways. I also believe that implantations 
from both sources may be present in some cases. 

The epithelium lining these tubules in the ovary is often ciliated, 
in some instances resembling that of the fallopian tube, and in others 
that of the uterine mucosa. In one instance, the epithelium in places 
resembled the mucosa of the uterine cervix. These tubules might also 
develop into ovarian cysts and carcinoma. The carcinoma shown in 
Figures 1 and 2 may have arisen from this source. Some of the 
epithelium of the glands in this carcinoma resembled very closely 
uterine epithelium even to the presence of cilia. 

The epithelium lining some ovarian cysts very closely resembles 
that of the mucosa of the uterine cervix and some of these cysts 
may arise from the tubules of endometrial type of the ovary. Refer- 
ences to the literature on ovarian hematomas and ectopic growths 
of endometrial tissue in the pelvis may be found in the previous com- 
munication. 

REPORT OF CASES 

Case 1—Adenoma (of endometrial type) of the sigmoid, adherent cystic 
left ovary (whether or not containing a hematoma of endometrial type was not 
determined). Mrs. G. N. G. aged 36, complained of pain in the left lower 
abdomen and a sense of lack of support. She had had two children, the 
youngest, 9 years old. Menstruation was regular, moderate in amount and 
accompanied with pain (the duration of the dysmenorrhea was not noted in 
the case record). The patient was not constipated. Pelvic examination dis- 
closed a weakened pelvic floor with cystocele and rectocele. The uterus was 
in normal position with what felt like an inflammatory mass occupying the 
position of the left tube and ovary. The preoperative diagnosis was a weak- 
ened pelvic floor and pelvic inflammatory disease of the left side. 

At operation at the Albany Hospital, Feb. 10, 1909, the left ovary was found 
to be cystic and densely adherent. The right tube and ovary appeared to be 
normal. The left tube and ovary were removed. There is no note in the 
case records as to whether or not the cyst was torn and whether any “chocolate” 
fluid escaped into the pelvis. An indurated area was noticed in the wall of 
the sigmoid just below the pelvic brim. This was thought to be a carcinoma 
of the sigmoid, and about 8 cm. of the intestine was resected and repaired by 
an end-to-end anastomosis. A section of the intestine showed a typical adenoma 
of endometrial type, apparently invading the sigmoid from its peritoneal surface 
(Fig. 46). The cystic ovary was not examined histologically and I do not know 
whether or not a hematoma of endometrial type was present. The patient 
developed a postoperative phlebitis of the left leg, followed by symptoms of a 
pulmonary embolus. She eventually recovered and has remained well. 

Case 2 (Case 19 of previous series).—IJmplantation adenoma (of endometrial 
type) of the sigmoid, posterior wall of the uterus, anterior wall of the rectum, 
and both broad ligaments; hematoma (of endometrial type) of both ovaries 
with evidence of previous perforations. Mrs. J. W., aged 45, complained of 
marked constipation with attacks of partial intestinal obstruction, beginning 
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two years before the operation and gradually increasing in severity. She had 
two children, the youngest being 6 years old. Menstruation was regular, 
moderate and without pain until the last two years. During this time, pain 
had been present, increasing in severity, and the flow had been decreasing in 
amount. The patient was operated on the last day of the flow. It is of 
great interest to note that the attacks of the most marked constipation occurred 
with the menstrual period. These had been especially bad during the last year. 
The pain was so severe that the patient had to remain in bed; the abdomen 
became distended, and sometimes there was nausea and vomiting. Bowel 
movements were obtained with the greatest difficulty. No blood was ever 








Fig. 57 (Case 3).—The probable source of the implantation adenoma found 
in Figures 53 to 56. View of pelvic contents showing a common normal relation 
between the right ovary and the terminal portion of the ileum and the appendix. 
A typical hematoma (of endometrial type), about 2 cm. in diameter, was found 
in the right ovary. The uterus is represented as drawn forward with myomas 
removed. The contents escaping from the perforation of the ovarian hematoma 
might easily fall on the appendix and terminal portion of the ileum in the 
culdesac and give rise to the implantation adenomas found in this case. 
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observed in the evacuations. The abdomen remained tender for about a week 
after the cessation of the flow. Pelvic examination demonstrated the uterus 
to be irregular, adherent and retroverted. The appendages were not palpated. 
No localized induration was detected in the culdesac. Roentgenograms were 
made following a barium enema, but no definite point of obstruction was 
found. The preoperative diagnosis was an adherent myomatous uterus with 
possibly a malignant growth of the sigmoid. The true condition was not 
considered. 

At operation at the Albany Hospital, Feb. 17, 1921, the uterus, containing 
small leiomyomas, was retroverted and adherent to the rectum. A _ small 
amount of “old blood” was free in the pelvis. Both ovaries were cystic, 
enlarged, and adherent to the posterior surface of the uterus. On freeing the 
ovaries, “chocolate” fluid escaped. There were two definite, puckered areas 
in the sigmoid. One area was situated just above the apparent rectosigmoidal 
junction and the other 8 or 10 cm. above this one. The upper area was not 
involved in, or continuous with, the adhesions uniting the uterus to the sigmoid 
or those between the ovaries and the uterus (Fig. 41). On palpating each 
of these puckered areas, a definite nodule could be distinctly felt, apparently 
projecting into the lumen of the sigmoid. The upper one was the larger. The 
correct diagnosis was now apparent. The appendix was first removed, then 
both tubes and ovaries and the entire uterus. The separation of the uterus 
from the rectum was extremely difficult for apparently the growth had invaded 
it and also the broad ligament on both sides. The upper and larger nodule 
in the sigmoid was excised and an end-to-end suture of the intestine was 
made. Histologically, the larger cyst of the left ovary was lined by a single 
layer of-epithelium, the cuboidal type predominating, with evidence of recent 
hemorrhage into the underlying stroma. Adenoma of endometrial type was 
found lining the smaller cyst or pocket and it was also found on the surface 
of the ovary between it and the uterus. The larger cyst of the right ovary 
was a graafian follicle cyst; but the smaller hemorrhagic cyst or pocket was 
lined by an adenoma of normal endometrial type; there was adenoma of 
endometrial type on the surface of the uterus, superficially invading its poste- 
rior wall. A similar adenoma invaded the wall of the sigmoid from its peri- 
toneal surface and extended through the entire wall into the submucosa 
(Fig. 42). The patient made a satisfactory convalescence and has remained 
well. The end-result is awaited with great interest to determine the fate of 
the adenoma undoubtedly still present in the sigmoid and in the culdesac. 


Case 3 (Dr. Sadlier’s case).—/mplantation adenoma (of endometrial type) 
of the ileum and appendix, hematoma (of endometrial type) of the right ovary, 
multiple leiomyomas of the uterus. In April, 1921, Dr. Lawrence Early showed 
me a section from the small intestine, of which he had made a diagnosis of 
adenomyoma. The section had been sent to the state laboratory by Dr. H. P. 
Carpenter of Poughkeepsie. I asked Dr. Early to write to Dr. Carpenter and 
to ascertain whether one or both ovaries had been removed and if so whether 
or not they contained any hematomas. Dr. Carpenter sent a tube and ovary 
and a portion of the small intestine to Dr. Early. The ovary which had been 
sectioned contained a typical hematoma of endometrial type, about 2 cm. 
in diameter. Dr. Carpenter referred me to Dr. J. E. Sadlier, who had operated 
on the patient, and it is through his courtesy that I am reporting this very 
interesting case. Dr. Carpenter kindly lent me the sections he had made 
from the specimen and with the help of these and the rest of the specimens, 
which he sent to Dr. Early, I was able to reconstruct the portion of the 
intestine as it probably appeared when first removed. 
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Fig. 58 (Case 12).—Implantation adenoma (of endometrial type) invading 
the posterior uterine wall, the ileum which was adherent to the latter and also 
the uterosacral ligaments. Condition found at the operation after freeing the 
sigmoid and the ileum which were adherent to the uterus (natural size). The 
left tube and ovary had been removed four years before. The ovary contained 
a hemorrhagic cyst (see report of the case). The sigmoid was adherent to the 
rough area of the uterus marked s. Adenoma of endometrial type was 
found invading the uterus in this area. The ileum was so densely adherent to 
the surface of the uterus marked i that in freeing it a portion of the wall of the 
former was left attached to the uterus (Figs. 59 and 60). Adenoma was found 
in the greatly thickened uterosacral ligaments (Fig. 61). What is the origin 
of these implantation adenomas? The perforated hemorrhagic cyst of the ovary 
removed four years ago may have been of endometrial type and the condition 
found at the present operation may have been present at the first (not so far 
advanced) or the implantations may have occurred in freeing the cyst at the 
first operation. 
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Mrs. E. C., aged 42, complained of profuse menstruation of about two years’ 
duration. She had been married fourteen years but had never been pregnant. 
Menstruation had been regular and painful. The pain had increased in 
severity lately and the flow had been more profuse. She did not have any 
pain between the menstrual periods; and although constipated she did not 
give a history of symptoms suggesting intestinal obstruction. 

March 25, 1921, Dr. Sadlier removed multiple myomas, the right tube and 
ovary and the appendix. He then noticed, about 4 inches (10 cm.) from 
the cecum, a fusion of the adjacent walls of a loop of the ileum which felt 
hard and indurated and naturally led to the diagnosis of malignancy. He 
resected this loop of the intestine and reunited the ends by a Murphy button. 
The portion of the small intestine removed showed that an implantation 
adenoma of endometrial type had developed on the surface of the intestine, 
fusing and invading the adjacent walls of the loop (Figs. 53, 54 and 55). A 
similar adenoma invaded the appendix at its junction with its mesentery 
(Fig. 56). There was a similar lesion in the right ovary and a hematoma of 
endometrial type, as already mentioned. Figure 57 shows a common normal 
relation between the right ovary, the terminal loop of the ileum and the 
appendix. The contents escaping from a perforation of a hematoma of the 
right ovary might easily soil the appendix and terminal loop of the ileum and 
give rise to the implantation adenomas above described. 

Case 4.—Implantation adenoma (of endometrial type) of the sigmoid, poste- 
rior wall of the uterus, both broad ligaments, tubes, left ovary; large hematoma 
(of endometrial type) of the right ovary with evidence of a previous perfora- 
tion. Mrs. W. A. F., aged 28, complained of severe pain at the menstrual 
periods. She had one child, 6 years old, and she had had a miscarriage three 
years previously. Menstruation had been regular and free from pain until 
the last year. Since then she had had pain, worse on the right side, grad- 
ually increasing in severity. The last few months the pain was so severe that 
she was confined to her bed for two or three days. Constipation was increased 
during the menstrual period and bowel movements were associated with great 
pain at that time. The patient was operated on two weeks after the last 
menstrual flow. Pelvic examination demonstrated the uterus to be of normal 
size, pushed forward and to the left by a cystic tumor which filled the pelvis 
and seemed to be adherent. On rectal examination a definite localized area 
of induration could be felt in the anterior wall of the rectum. The rectal 
mucosa was freely movable over it. The preoperative diagnosis was per- 
forating hemorrhagic cyst of the ovary with implantations in the culdesac. 

At operation at the Albany Hospital, May 5, 1921, there was found a cyst 
of the right ovary, about 8 cm. in diameter, which filled the pelvis, pushing 
the uterus forward and to the left (Fig. 3). This cyst was densely adherent 
to the bottom of the pelvis and when it was freed a large amount of “chocolate” 
fluid escaped. Implantation adenomas of endometrial type were found involv- 
ing the wall of the sigmoid, its epiploic appendages and mesentery, also the 
posterior wall of the uterus, broad ligaments and tubes (Figs. 4 to 13). The 
appendix, both ovaries, tubes and the entire uterus were removed. 

The cyst of the right ovary was bilocular, with a larger loculus communi- 
cating with a smaller one. It was lined by cuboidal to columnar epithelium 
of endometrial type, with an underlying stromal hemorrhage. An occasional 
gland was found in the stroma. The epithelium lining the cyst was similar to 
that found in the implantations (Figs. 11 and 12) and in places the epithelium had 
apparently been removed by the blood beneath it rupturing into the cavity of the 
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cyst. There was evidence of a previous perforation, through which blood con- 
taining the epithelium above mentioned might escape into the peritoneal 
cavity; and wherever it would lodge, this epithelium might grow and give rise 
to the deposits of endometrial tissue found in the pelvis of this patient. I 
believe that this occurred. 

The patient made a satisfactory convalescence. I examined her last in 
July, 1921. The area of induration was still present in the anterior wall of 
the rectum but was apparently smaller. 


Case 5.—Implantation adenoma (of endometrial type) in the culdesac, fus- 
ing the anterior wall of the rectum with the posterior wall of the cervix, large 





Fig. 59 (Case 12).—Sagittal section of the uterus taken a little to the right 
of the median line indicating its relation to the ileum prior to the last operation; 
<x %. My interpretation of the etiology of this condition is as follows. At 
the previous operation, four years ago, some of the epithelium lining the hemor- 
rhagic cyst of the left ovary became implanted on the posterior surface of the 
uterus and other portions of the pelvic contents and developed into implantation 
adenomas of endometrial type. The ileum became adherent to the implantation 
on the posterior surface of the uterus and was superficially invaded by it (Fig. 
60). The uterine wall was invaded to a much greater extent as indicated in 
this illustration and the next. I believe the preservation of the right ovary was 
responsible for the development of the adenoma from the implanted epithelium. 


hematoma (of endometrial type) of the left ovary with evidence of a previous 
perforation. Miss E. C., aged 39, complained of profuse menstruation asso- 
ciated with pain. Menstruation had been regular, normal and free from pain 
until about six months previously. Since then it had gradually increased in 
amount and was accompanied with pain. The last menstrual period occurred 
a week before the operation. The patient was constipated but this was not 
any worse during menstruation. Pelvic examination demonstrated the uterus 
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tc be irregularly enlarged, filling the pelvis and extending upward almost to 
the level of the umbilicus. The preoperative diagnosis was a multinodular 
myomatous uterus. The ovarian hematoma was mistaken for a _ subserous 
myoma, and the adenoma in the culdesac was not detected. 

At operation at the Albany Hospital, May 7, 1921, the uterus was found 
to contain several leiomyomas. The right ovary was normal in appearance 
while the left was replaced by a cystic tumor about 6 cm. in diameter, densely 
adherent to the left half of the lower portion of the pelvis. The bottom of 
the culdesac was obliterated by the fusion of the anterior wall of the rectum 
to the posterior wall of the cervix, and on drawing the uterus upward, the 
rectum was carried with it in a characteristic manner (Fig. 14). The portion 
of the anterior wall of the rectum which was attached to the cervix was 
indurated and pigmented blebs were present on its free surface about the line 
of fusion with the cervix (Fig. 14). When the ovarian hematoma was freed, 
its wall was torn and a large amount of “chocolate” fluid escaped. A small 
amount of similar fluid escaped when the rectum was freed from the cervix. 
The appendix, left tube and ovary and entire uterus were removed. The right 
tube and ovary were not removed, against my better judgment, because the 
patient was most insistent that ovarian tissue should be preserved. Histo- 
logically, the posterior wall of the cervix showed a characteristic adenoma 
of endometrial type. The ovarian hematoma was for the most part lined by 
a pigmented layer, the result of previous hemorrhage without an epithelial 
covering. Epithelium of endometrial type was found in depressions of this 
pigmented layer near the hilum of the ovary and also structures resembling 
uterine glands (Figs. 16 and 17). The patient made a satisfactory conva- 
lescence and has remained well. I am awaiting with interest the ultimate out- 
come, as adenoma of endometrial type was left in the anterior wall of the 
rectum and the remaining ovary may stimulate it to further growth. 


Case 6.—Implantation adenoma (of endometrial type) in the culdesac, in 
the wall of the appendix and in its mesentery; tubules (of endometrial type) in 
the right ovary with evidence of a previous hemorrhage in the surrounding 
ovarian stroma, multiple leiomyomas of the uterus, cholelithiasis. Mrs. P. K., 
aged 42, complained of profuse menstruation and severe indigestion. She had 
been married twelve years but had never been pregnant. Menstruation was 
regular, free from pain and had been very profuse for the last four or five 
months. The last menstrual flow occurred three weeks before the operation. 
On abdominal palpation the right side of the abdomen was distinctly tender, 
the tenderness extending well up toward the costal margin. Pelvic examina- 
tion revealed a nodular pelvic tumor, apparently arising from the uterus and 
extending about half way to the umbilicus. The preoperative diagnosis was 
a multinodular myomatous uterus and chronic appendicitis or cholecystitis. 

At operation at the Albany Hospital, May 24, 1921, the uterus was found 
to be irregularly enlarged by several leiomyomas. The gallbladder was 
palpated and found to contain gallstones. The appendix, which was slightly 
adherent, was first removed. The right ovary was also lightly adherent to the 
side of the pelvis. Both tubes and ovaries and the entire uterus were removed. 
A small area of induration with pigmented spots was noticed in the culdesac. 
This was excised and found to be an adenoma of endometrial type. The gall- 
bladder was also removed. Two small pigmented areas were noticed on the 
lateral and free surface of the right ovary. Histologically, the pigmentation 
was found to be due to cells containing old blood pigment, the evidence of 
previous hemorrhage into the tissues of the ovary. In this area glandlike 
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structures were found, some of which were dilated (Fig. 51). Some of the 
cells lining these spaces were ciliated. These areas might be interpreted as 
the remains of a small ovarian hematoma of endometrial type which had per- 
forated, and most of the epithelium had been destroyed. In the repair which 
followed, some of the epithelial cells which had remained had proliferated, 
giving rise to these glandlike structures surrounded by the pigmented cells, 
the evidence of old hemorrhage. Dr. Thomas Ordway called my attention to 
glandlike structures in the wall of the appendix (Fig. 50). They were similar 
to those in the ovary, even to the presence of ciliated cells. There was not 
any evidence of hemorrhage into, or about, the glandlike structures of the 





Fig. 60.—Adenoma of endometrial type of the posterior uterine wall and 
superficially invading the wall of the ileum which is fused to the uterus at this 
place. Section of a portion of the wall of the ileum which is fused with 
(drawn into) the uterine wall at this situation. I believe the implantation devel- 
oped on the posterior wall of the uterus indicated by the depression beneath the 
piece of intestine attached to it. It only superficially invaded the wall of the 
intestine but has extensively invaded the uterine wall, giving rise to a typical 
so-called adenomyoma of the uterus, not arising from the direct invasion of 
the uterine mucosa from the uterine cavity or from the developmental inclusions 
of miillerian epithelium in the uterine wall or from a metaplasia of the peri- 
toneal mesothelium but from the implantation of endometrial epithelium from 
the epithelial lining of a perforated hemorrhagic cyst of the ovary (of endo- 
metrial type), as probably the majority of the ectopic pelvic adenomas (of 
endometrial type) shown in this and the previous communication arose. (For 
another possible source of implantation adenomas of endometrial type, see text.) 


appendix. What was the relation between the adenoma in the ovary to that 
in the appendix and culdesac? A small ovarian hematoma of endometrial 
type which had perforated, thus scattering some of its epithelial lining, would 
account for the involvement of the appendix and culdesac. The apparent 
remains of such a hematoma were found in the ovary. 


Case 7.—I mplantation adenoma (of endometrial type) in the anterior wall 
of the sigmoid; similar adenomas involving the epiploic appendages, also on 
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the posterior uterine wall and right ovary, two hematomas (of endometrial 
type) of the left ovary, one not perforated, the other with evidence of a 
perforation, retroflexed uterus, leiomyoma and weakened pelvic floor—Mrs. 
J. L., aged 44, complained of uterine bleeding and a sense of lack of support. 
She had one child, 20 years old. Menstruation had been regular, at times 
profuse, but without pain. She had been flowing almost continuously for more 
than two months and had lost a large amount of blood. She was constipated 
but not more so during the menstrual period. Pelvic examination revealed 
a weakened pelvic floor, a small cervical polyp, a retroflexed uterus, slightly 
enlarged and very hard. The preoperative diagnosis was a weakened pelvic 
floor, cervical polyp, retroflexed uterus with myofibrosis, an intramural or 
submucous myoma. 

Operation at the Albany Hospital, July 8, 1921, demonstrated the uterus to 
be enlarged, retroflexed and freely movable. The left ovary was densely 
adherent to the side of the pelvis, and when it was freed, a small amount of 
“chocolate” fluid escaped. The peritoneum of the anterior surface of the lower 
sigmoid was in places thickened and white as though scar tissue had arisen from 
some irritating substance which had “burnt” it. On one of these scarred areas 
there was a small hemorrhagic bleb (Fig. 37), which was excised. Two of the 
epiploic appendages on either side of this area were adherent to each other, as 
though they had been ligated (Figs. 37 and 39). These were removed. The 
appendix, both tubes and ovaries and the entire uterus were removed and the 
pelvic floor was repaired. The hemorrhagic bleb embedded in the sigmoid was 
lined by low to cuboidal epithelium and its cavity was filled with old blood. I 
believe it was a hematoma of endometrial type. The fused epiploic appendages 
were invaded by tubules of endometrial type (Fig. 39). The hematoma of the 
left ovary with evidences of perforation could have given rise to the implanta- 
tion. The implantations on the uterus and right ovary were adenomas of 
endometrial type. The two hematomas of the left ovary were typical hematomas 
of endometrial type. The patient developed a postoperative intestinal ileus 
which was relieved by an enterostomy. Otherwise she made a satisfactory 
convalescence. 












































Case 8.—I mplantation adenoma (of endometrial type) of the sigmoid and the 
posterior and anterior surfaces of the retroverted uterus, large hematoma (of 
endometrial type) of the left ovary with evidence of a previous perforation. 
Mrs. F. W. T., aged 47, complained of pain in the left lower abdomen and con- 
stipation at the menstrual periods. She had had one child, ten years ago. 
Menstruation was moderate in amount and always associated with some pain. 
This pain had gradually increased in severity during the last three years and 
especially during the last four months. The pain had been so severe during the 
last four months that she was forced to spend one or two days in bed. The 
pain was worse on the left side. Constipation had been increasing and was 
worse during menstruation. The patient did not have any pain between the 
menstrual periods. Pelvic examination demonstrated the uterus to be retroflexed 
and fixed in the pelvis with an adherent cystic mass, the size of a small orange, 
occupying the region of the left ovary. The bottom of the culdesac (best 
detected on rectal palpation) felt slightly nodular. The preoperative diagnosis 
was a probable, perforated hematoma of endometrial type of the left ovary, with 
implantations in the culdesac and adherent retroverted uterus. 

At operation at the Albany Hospital, July 21, 1921, the uterus was found to 
be retroverted, with the sigmoid adherent to the fundus. Small peritoneal cysts 
with encapsulated blood were found on the surface of the uterus at the junction 
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of the fundus and adherent sigmoid and one on the anterior surface of the uterus 
below the origin of the left round ligament. There was a similar bleb on the 
mesentery of the sigmoid at the pelvic brim and a characteristic lesion on the 
anterior surface of the sigmoid (Figs. 26 and 27). The uterus was adherent to 
the sigmoid and rectum, posteriorly. When the densely adherent ovarian 
hematoma was freed, its wall was torn and a large amount of “chocolate” fluid 
escaped. The wall of the hematoma was so densely adherent to the side of 
the pelvis that it was removed in fragments. Both tubes were apparently patent 
and the right ovary seemed normal. An indentation was found in the wall of 
the lower sigmoid, with thickening of the tissues about it and characteristic 
small pigmented areas on the surface of the intestine (Fig. 27). The appendix, 
both tubes, ovaries and the entire uterus were removed. The implantations in 
the sigmoid were not disturbed. The greater portion of the posterior wall of the 
uterus was superficially invaded by an endometrial adenoma. Similar tissue 
was found in the anterior wall of the uterus beneath the small hemorrhagic 





Fig. 61 (Case 12).—Cross-section of the left uterosacral ligament showing 
that it is invaded by an adenoma of endometrial type, the dilated tubules of 
which were distended with menstrual blood prior to the operation. 


cysts. I believe the blood in the cysts arose from the underlying adenoma and 
was menstrual. Sections of the wall of the left ovarian hematoma showed that 
it was lined by pigmented tissue resulting from previous hemorrhages. The 
epithelium, for the most part, was lacking, except near the hilum of the ovary. 
The hematoma of the left ovary with evidence of perforation could have been 
the cause of all the implantations. The patient made a satisfactory con- 
valescence and has remained well. 

Case 9 (Dr. Elting’s case).—IJmplantation adenoma (of endometrial type) 
of the appendix and posterior uterine wall; hematoma (of endometrial type) of 
both ovaries with evidence of perforations. September 30 of this year, Dr. 
A. W. Elting showed me a specimen of the uterus, tubes, ovaries and appendix, 
which he had just removed and had correctly interpreted as one of implantation 
adenoma with perforated hemorrhagic cysts of both ovaries. He gave me 
permission to study the specimen and it is through his courtesy that I am 
reporting the case. 
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Mrs. R., aged 47, complained of abdominal pain. She had had one child, 
twenty-three years previously. Two years ago she had an attack of pain 
in the lower abdomen, the symptoms suggesting peritonitis. She had a similar 
attack, September 5, of this year, beginning on the first day of the menstrual 
period. At the operation at the Albany Hospital, Sept. 30, 1921, Dr. Elting 
found the intestines and omentum stained a dirty brown (old blood) ; this was 
most marked in the pelvis. The uterus was firmly adherent to the rectum. He 
removed the uterus, tubes, ovaries and appendix. Both ovaries contained typical 
hematomas of endometrial type with evidence of a previous perforation. 
Implantation adenoma of endometrial type was present on the posterior surface 
of the uterus, which it had invaded. The surface of the appendix was studded with 
reddish elevations which histologically proved to be implantations of typical 
uterine mucosa (Figs. 47, 48 and 49). The hemorrhage into the peritoneal 
cavity undoubtedly arose from menstrual blood escaping from the implantations, 
the ovarian hematomas or both. It is most significant that the present attack 
of abdominal pain occurred on the first day of the menstrual period. The 
ovarian hematomas with evidence of a previous perforation could have given 
rise to the implantations. 

Case 10.—/ mplantation adenoma (of endometrial type) of the rectum, recto- 
vaginal septum, epiploic appendage of the sigmoid, mesentery of the appendix, 
tubes, posterior layers of the broad ligaments and posterior uterine wall; 
hematoma (of endometrial type) of both ovaries, evidence of a previous per- 
foration of the hematoma of the right ovary, multiple leiomyomas of the uterus. 
Mrs. W. W. C., aged 40, complained of severe dysmenorrhea and pressure sensa- 
tions in the rectum, the latter most marked during the menstrual flow. She had 
been married thirteen years but had never been pregnant. Menstruation had 
always been painful, gradually increasing in severity during the last year and 
especially during the last four months. The amount of the flow had increased 
during the last year. Backache and pressure sensations in the rectum were most 
marked the third and fourth days of the flow and lasted for a week after the flow 
ceased. Constipation had also increased the last year but was not always worse 
during the menstrual flow. The patient was operated on four days after the last 
menstrual period. Pelvic examination demonstrated the uterus to be irregularly 
enlarged and fixed in the pelvis. There was marked irregular induration in the 
culdesac, with an oblong mass the size of one’s thumb extending down between 
the rectum and vagina to the right of the cervix (Fig. 25). The preoperative 
diagnosis was implantation adenoma of endometrial type in the culdesac with 
extension downward to the right of the cervix in the rectovaginal septum, mul- 
tiple leiomyomas of the uterus and probable perforated hematoma of endo- 
metrial type of the ovary. 

At operation at the Albany Hospital, Oct. 22, 1921, the uterus was found to 
contain several leiomyomas. On drawing it upward and forward the anterior 
rectal wall was carried with it, as it was fused with the posterior wall of the 
uterus. The right ovary was enlarged and adherent to the posterior layer of 
the right broad ligament. Small pigmented cysts were found on the posterior 
wall of the uterus, on the anterior wall of the rectum just above the line of fusion 
with the uterus, and also on the posterior layer of the right broad ligament 
along the line of fusion with the ovarian hematoma. Implantations were also 
present on the posterior layer of both broad ligaments just beneath the tubes 
(Fig. 19). The appendix was removed. On freeing the right ovary from its 
attachment to the posterior layer of the right broad ligament, “chocolate” fluid 
escaped. The uterus was separated from the rectum with great difficulty. Both 
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Fig. 62 (Case not reported in this series)—The development of a small per- 
forated hematoma of endometrial type from glands or tubules of endometrial type 
in the ovary which react to menstruation. These three drawings were made from 
different parts of the same ovary. Section A shows a gland or tubule lined by 
columnar epithelium, some of which is ciliated. (The probable origin of such 
a gland is discussed in the text.) The dark area to the left of the gland indi- 
cates a stromal hemorrhage. Section B shows a later stage, the tubule or 
gland has become larger. It is now a small cyst lined by epithelium of endo- 
metrial type with stromal hemorrhage all about it and evidence that, previ- 
ously, some of the blood in the stroma had escaped into the cavity of the cyst. 
This cyst is gradually approaching the surface of the ovary and perforation 
would probably occur before it becomes much larger. Section C shows one of 
these cysts which has perforated, one half the magnification of A and B and 
from the same section as that shown in Figure 52. Some of the blood in the 
stroma surrounding the cyst had broken through into its lumen, carrying with 
it some of the overlying epithelium. Perforation had occurred into the peri- 
toneal cavity and some of the contents of the hematoma, including epithelial 
cells, escaped through the perforation and might have given rise to implantation 
adenomas of the same type as the epithelium lining the cyst. Implantation 
adenomas of this type were present in this case where the contents from such 
a cyst would be likely to fall. The cyst C is only partly lined by epithelium 
which is low to columnar and only a few ciliated cells were found. I believe 
that the larger hematomas or hemorrhagic cysts shown in this paper arose from 
similar glands and tubules situated deeper in the ovary. 
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tubes, ovaries and the entire uterus were removed, the greater portion of the 
growth extending between the rectum and vagina to the right of the cervix was 
not removed. Histologically, all the implantations showed adenoma of endo- 
metrial type and both ovaries showed hematomas of endometrial type. The 
patient made a satisfactory convalescence. 


Case 11.—I mplantation adenoma (of endometrial type) of the anterior sur- 
face of the sigmoid, anterior and posterior wall of the uterus and right ovary, 
hematoma (of endometrial type) of left ovary with evidence of a previous 
perforation. Mrs. W. S., aged 38, complained of severe dysmenorrhea. She 
had never had any children but had had three miscarriages, the first one ten 
years ago, the last one five. I had operated on her eight years ago, removing the 
appendix and suspending the uterus. Menstruation had always been regular but 
painful. The operation gave partial temporary relief. The pain had greatly 
increased in severity the last year. Recently she had to spend from one to two 
days in bed. The flow was profuse and of from six to eight days’ duration. The 
last menstruation occurred a week before the operation. She was constipated but 
this did not seem to be more marked during the menstrual period. Pelvic 
examination demonstrated the uterus to be in normal position, the left ovary 
was possibly adherent and very tender, the right one was enlarged and tender. 
The culdesac was also very tender, but no definite induration or nodules were 
palpated. The preoperative diagnosis was adherent left ovary with possible 
perforated hematoma and implantations in the culdesac and cystic right ovary. 

At operation at the Albany Hospital, Oct. 25, 1921, the left ovary was found 
to be adherent to the side of the pelvis and on freeing it a small amount of 
“chocolate” fluid escaped. Implantation adenomas were found on the anterior 
surface of the uterus, just above the vesical attachment and also on the posterior 
surface of the uterus. A small red growth resembling a small polyp or urethral 
caruncle was noticed on the anterior surface of the sigmoid, just below the 
pelvic brim (Fig. 32). This was excised and proved to be a typical endometrial 
polyp (Fig. 33). The entire uterus and both tubes and ovaries were removed. 
The implantations on the uterus were typical endometrial adenomas (Fig. 34). 
Similar implantations were also found on the lateral surface of the right ovary. 
A typical perforated hematoma of endometrial type was present in the left ovary 
(Figs. 35 and 36), and this could have given rise to the implantations of the 
endometrial tissue in the pelvis. 

Case 12.—Implantation adenoma (of endometrial type) of the posterior 
uterine wall uith invasion of the small intestine adherent to it, endometrial 
adenoma of both uterosacral ligaments; the left ovary, which was removed four 
years before, contained a hemorrhagic cyst. Mrs. F. B., aged 35, complained 
of severe dysmenorrhea, backache and pressure sensations in the rectum. She 
had been married for five years but had never been pregnant. Menstruation 
had always been painful; but the pain had increased in severity the last year 
and the flow had also increased in amount. The last menstrual flow occurred 
a week before the operation. She was constipated and complained of pressure 
sensations in the rectum for nearly a year. These sensations were worse dur- 
ing her menstrual periods. She had been operated on four years ago by Dr. 
E. MacD. Stanton of Schenectady for an acute attack of abdominal pain; the left 
tube and ovary, the right tube and the appendix were removed. Pelvic exam- 
ination, Nov. 21, 1921, demonstrated the uterus to be of normal size and position, 
with somewhat restricted movements. The uterosacral ligaments were dis- 
tinctly palpable, thickened and very tender. There was a definite enlargement 

















SAMPSON—INTESTINAL ADENOMAS 277 
of both of them near their uterine attachment... This was more marked on the 
left side and this ligament felt distinctly nodular. The preoperative diagnosis 
was implantation adenoma of endometrial type in the culdesac, with involve- 
ment of the uterosacral ligaments. The opinion was expressed that the ovary 
removed four years before probably contained a hematoma of endometrial type. 
At operation at the Albany Hospital, Nov. 25, 1921, the uterus was found to be 
in normal position, the sigmoid was densely adherent to the left uterine cornu 
and a loop of the small intestine to the posterior uterine wall. The sigmoid 
was first separated from the uterus and then the loop of the small intestine. 
The small intestine was so densely adherent that a small portion of its outer 
wall was left attached to the uterus. After freeing this loop of the small 
intestine, it was evident that it had been fused with an implantation endometrial 
adenoma of the posterior uterine wall and that both uterosacral ligaments con- 
tained a similar growth (Figs. 58, 59, 60 and 61). The entire uterus and 
remaining ovary were removed. The ovary was normal; the uterosacral liga- 
ments and posterior uterine wall showed endometrial adenoma (see the illus- 
trations above referred to with their legends). 

I wrote to Dr. Stanton asking him what was found at the previous operation. 
He very kindly furnished me with the following information: The patient was 
suddenly seized with severe abdominal cramps accompanied with nausea, Sept. 
2, 1917, and was operated upon September 29, at the Ellis Hospital, Schenectady. 
The pathologic laboratory report (No. 570) of that hospital is as follows: 
“Appendix, both tubes and left ovary: appendix and tubes, nothing remarkable; 
left ovary, 4.5 by 3.5 by 2 cm., one hemorrhagic cyst has been evacuated.” The 
ovarian cyst was not examined histologically; but I believe it was probably a 
hematoma of endometrial type and was probably responsible for the endometrial 
adenomas involving the posterior uterine wall and the uterosacral ligaments. These 
adenomas may have been present at the first operation; but I believe that it is 
more likely that they developed subsequently from epithelium escaping from the 
hemorrhagic cyst of the left ovary when it was freed. The preservation of the 
right ovary may have been responsible for the development of this epithelium 
into adenomas. 

CONCLUSIONS 

Intestinal adenomas of endometrial type are implantation growths, 
similar in many ways to those arising from a rupture or perforation 
of a malignant (carcinomatous) ovarian cyst. Fortunately, their 
distribution is usually not so great; they are not so invasive; they 
grow more slowly and spread less rapidly. They often take part in 
menstruation and, therefore, may combine this function with that of 
invasion. These implantations may spread by growth by continuity 
and, possibly, by further implantations arising from the escape of 
menstrual blood from them, carrying some of the overlying epithelium 
with it. 

The portions of the intestinal tract most frequently involved are 
those usually found in the pelvis; as the sigmoid, rectum, appendix 
and terminal loop of the ileum. In the twelve cases reported in this 
series, the rectum and the sigmoid, including ‘the epiploic appendages, 
and the mesentery of the latter were involved in eight, the appendix in 
four and the small intestine in two. In the eight instances of implanta- 
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tions on the sigmoid and rectum, an ovarian hematoma, with evidence 
of a previous perforation, was situated in the left ovary in six; while 
in the four instances of implantation on the appendix, a similar 
hematoma was situated in the right ovary in all four. This suggests 
that while the intestinal implantations from either ovary may be 
general in their pelvic distribution, the portion of the intestinal tract 
normally situated near that ovary is more likely to be involved. 

The character of the intestinal lesions varies greatly, and they 
may be grouped as follows. 

1. Surface and superficial implantations : 

(a) Subperitoneal glands and tubules of endometrial type with 
evidence of hemorrhage into the tissues about them or in the lumen 
of the glands or tubules. The surface of the intestine involved is 
thickened and the brown pigmented dots (1 to 2 mm. in diameter) 
and larger elevated areas due to the hemorrhage (menstrual) can be 
easily detected at operation. 

(b) Endometrial tissue on the surface of the intestine including 
polyps, which often appear homorrhagic. 

(c) Subperitoneal hematomas, a later stage of Group a. 

(d) Encysted menstrual blood which had escaped from an under- 
lying endometrial implantation. 

2. Implantations developing between adherent folds of peritoneum 
and other adherent structures (pocketed implantations), best seen 
in the culdesac between the posterior wall of the uterus and the 
rectum, which are often fused together. The surface of the adherent 
parts, which are exposed after separating them, often have a charac- 
teristic “pitted” appearance due to the exposure of endometrial tissue 
in the pockets between the adhesions or in the deeper tissues of the 
organ involved. 

3. The deep invasion of the underlying structure or organ. The 
tubules worm their way into the tissues of the intestine; and this is 
often associated with a marked hypertrophy of the surrounding con- 
nective tissue and muscle. Many varieties of endometrial tissue and 
its derivatives may be found, including glands and tubules with and 
without a characteristic endometrial stroma, dilated tubules, miniature 
uterine cavities, hematomas and the invasion of lymph vessels by 
endometrial polyps. 

As in implantation carcinoma these implantations may occur on any 
part of the intestine; its peritoneal surface, its mesentery and espe- 
cially the epiploic appendages of the sigmoid. The latter may serve 
as a portal of entry to the deeper tissues of the wall of the intestine. 

The intestinal lesions are often only of histologic interest and do 
not give rise to any symptoms. In other cases the lumen of the 
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intestine is encroached upon ‘by indentations, by hypertrophy of its 
walls, and by hematomas; the latter may become larger during men- 
struation so that symptoms of obstruction may only occur or be more 
marked at that time. 

The implantations in the culdesac, including the involvement of the 
rectum, can often be palpated prior to operation. In typical cases the 
diagnosis can usually be made before operation. The age of the 
patient (usually between 30 and the menopause), the acquired dys- 
menorrhea or recent increase in menstrual pain, the disturbance of 
intestinal function during menstruation, the detection of a small 
adherent ovarian cyst or adherent ovary and the palpatory findings in 
the culdesac present a syndrome rarely furnished by any other condition. 

The operative treatment of intestinal adenoma of endometrial 
type is at present an unsettled problem. My own reaction, at present, 
on finding what appears to be an intestinal lesion is to examine care- 
fully the surface of the intestine for dots and areas due to hemorrhage, 
to look for other implantations in the pelvis and most important of all 
to examine carefully the ovaries for any signs of a hematoma with 
evidence of a previous perforation, bearing in mind that it may be 
very small and is most frequently situated on the lateral or the under 
surface of the ovary. If the evidence found indicates an adenoma of 
endometrial type I do not disturb the intestinal lesion, except as it may 
be easily removed for histologic study, but deal with the pelvic organs 
as their condition requires. Conservative ovarian surgery in these 
cases leaves behind a possible source of more implantations, and appar- 
ently retained ovarian tissue may sometimes stimulate the growth of 
the implantations which have not been removed. 

I believe that an important, and probably the principal, source of 
these implantations is the epithelium escaping from an ovarian hema- 
toma of endometrial type which has perforated. The majority of the 
implantations in the twelve cases reported in this series apparently arose 
from such a source. There is the possibility that some of them may 
have arisen from tubal and uterine epithelium escaping through the 
fimbriated end of the tube, independent of an ovarian hematoma with 
perforation. 

Ovarian hematomas of endometrial type arise from glands and 
tubules of this type in the ovary which react to menstruation. If they 
are situated on, or near, the surface of the ovary, perforation occurs 
while they are small and repeated hemorrhage and perforation may 
carry away all of the epithelium so that they may disappear; or if it is 
not all removed the ovarian lesion may be so small and inconspicuous 
that it may be easily overlooked at the operation and also in the labora- 
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tory study of the ovary. If the endometrial gland or tubule is situated 
in the deeper tissues of the ovary, then the hematomas reach a larger 
size before perforation takes place. 

How does this epithelium of endometrial type reach the ovary? Is 
it of developmental origin from the inclusion of epithelium of the 
miillerian or the wolffian ducts or is it acquired during adult life? 
The evidence which I have, at present, suggests that it is usually 
(possibly always) acquired from the implantation on the surface of 
the ovary of tubal or uterine epithelium escaping through the fimbriated 
end of the tube and possibly from tubal fimbriae in contact with the 
ovary. This epithelium may subsequently invade the tissues of the 
ovary and later develop into menstruating cysts giving rise to hema- 
tomas of endometrial type, the perforation of which permits some 
of the epithelium, cast off by the menstrual hemorrhage, to escape 
into the peritoneal cavity and there develop into implantation adenomas 
of endometrial type. I consider the ovary as an intermediary host, 
hotbed or incubator, which may impart increased vigor and virulence to 
this epithelium, so that when it escapes from the ovary it may be 
more virulent (malignant) and invasive than before the hematoma 
developed and the perforation occurred. It may not be an essential 
intermediary host, for it is possible that pelvic implantations may arise 
from tubal and uterine epithelium escaping from the tube; and also 
implantations from both sources may be present in the same case. The 
few cases which I have interpreted as possibly arising from epithelium 
escaping from the tubes have lacked the vigor, invasiveness and wide- 
ness of distribution of the implantations usually found in those 
associated with an ovarian hematoma with evidence of perforation 
and also usually present a slightly different histologic picture from the 
latter. This is a problem for further study. The larger the hematoma 
and the greater the perforation the wider the distribution of the 
implantations and apparently the greater their virulence. 

Intestinal adenoma of endometrial type is a common condition 
occurring in more than one half of the cases with ectopic endometrial 
adenomas and the latter-may be found in from 10 to 20 per cent. of 
women between 30 years of age and the menopause who require an 
abdominal operation for some disease of the pelvic organs. On account 
of its frequency, pathologic interest and clinical importance, it deserves 
a greater recognition than has been accorded it in the past. 
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It has been observed by Sampson! that in women between the age 
of 30 and the menopause a frequent pathologic condition is found which 
consists in part of the presence of “chocolate” cysts of the ovary. 
These cysts are lined with ciliated epithelium, are surrounded by stroma 
like that of the endometrium, and take part in the menstrual cycle in 
much the same manner as does the uterine mucosa. When a cyst is 
close to the surface of the ovary, it may, and frequently does, rupture 
during menstruation, scattering, in the pelvic cavity, epithelial cells of 
the type lining the cyst and also menstrual blood. The menstrual blood 
possibly contains a substance which is capable of so altering the peri- 
toneum that the epithelial cells from the cyst may become implanted 
where the peritoneum is injured, and develop, producing adenoma-like 
growths; or these cells may invade, from the outside, such structures 
as the oviduct, uterus, appendix and intestine, and cause a proliferative 
smooth muscle reaction, thus simulating very closely the so-called 
adenomyoma. This observation is of extreme interest, and, if correct, 
should, it seems, be susceptible of experimental demonstration, at least 
in some of its phases. With the purpose of investigating the matter 
from this standpoint, five rabbits were subjected to the following 
operative procedures. The animals were adult females, Belgian hares 
and Angoras, age unknown, but probably from 8 to 12 months old. 
All operations were performed under ether anesthesia and with aseptic 
precautions. 


REPORT OF EXPERIMENTS 










EXPERIMENT 1.—Four cm. of the right cornu was removed from Rabbit 1, 
about 5 cm. from the fimbriated end. The cut ends of the cornu were 
tied with silk, as were the vessels of the broad ligament of the part 
removed. The excised portion was opened longitudinally and the mucosa 
thoroughly scraped with a knife. The scrapings were gently rubbed into pre- 
viously scarified areas of the peritoneum of loops of the small intestine lying 
in the pelvis. Then this piece of the cornu was cut into very fine pieces, most 
of them less than 1 mm. in size, and about a dozen of these pieces were dis- 
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tributed in the pelvis, about the uterus and among the loops of intestine. 
Some blood (a few cubic centimeters) was allowed to escape into the pelvis. 
The abdominal wound was closed with through-and-through silk sutures and 
the animal was allowed to recover. It was kept alone in a cage for nine weeks 
and then was killed with ether. Necropsy showed (1) hydrosalpinx of the 
remaining distal 3 cm. of the right tube; (2) a multilocular cyst containing 
clear, thin, colorless fluid in the fat overlying the dilated tube at one point 
(Fig. 1). This cyst was 2.2 cm. in diameter and had several chambers lined 
with a smooth glistening membrane. (3) A multilocular cyst, 2 cm. in diameter, 
in the fat, closer to the fundus uteri (Fig. 2); (4) a cyst, 2 mm. in diameter, 
attached to the serosa of the left tube (Fig. 3). 

Histologic Examination—An implanted piece of tissue in the mesentery of 
the right tube resulted in the formation of a multilocular cyst, 2.2 cm. in 
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Fig. 1 (Rabbit 1).—Right cornu opened, showing hydrosalpinx and, in the 
fat of the mesosalpinx, a multilocular cyst in which can be seen a polypoid 
ingrowth. 


diameter. It was lined by low to high columnar ciliated epithelium. Polypoid 
ingrowths had occurred (Fig. 5); a few were fairly large, with a stroma of 
loosely arranged spindle cells and numerous thin walled blood vessels. The 
epithelium covering the polypi was hyperplastic, sending tortuous processes down 
into the substance of the polyp. Mitotic figures were present in the 
epithelial cells in moderate numbers (Fig. 6). The cyst was partially sur- 
rounded by thin layers of smooth muscle, which were abruptly broken at 
several points. Between the epithelial lining and its supporting stroma was 
a layer of collagen fibers and fibroblasts which formed a sort of submucosa. 
The muscle bundles passed in many directions and ended in the surrounding 
adipose tissue. Mitotic figures were present in some of the muscle fibers. Fat 
cells had apparently grown in between fibers of traumatized muscle fasciculi. 
Fibroplasia in the adjacent fat was marked and clasmatocytes and eosinophils 
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were found in small numbers between the fat cells. No nerves were seen in 
the cyst wall. The peritoneum had covered the defect produced at operation 
and no evidence of downgrowth to the cyst was observed. 

In Figure 2 the superficial nubbin on the fat is almost a reproduction of a 
tube, there being in addition to the epithelial lining a surrounding layer of 
regenerating smooth muscle which, however, is not laid down in so orderly 
a manner as in the normal tube. 

The large cyst which was continuous with the growth just described was 
lined by ciliated, low to high columnar epithelium. Some of the cells were 
not ciliated but these were of low and apparently immature type. There were 
polypoid ingrowths, with numerous dilated gland spaces along their bases. The 
stroma of the “mucosa” was of endometrial character. The glands had no 
basement membrane. Mitotic figures were found in both epithelium and smooth 





Fig. 2 (Rabbit 1).—Another multilocular cyst in the mesosalpinx, apparently 
arising by downgrowth of epithelium from the superficial nubbin in a. 


muscle. There was a marked proliferation of fibroblasts and infiltration by 
wandering cells in the fat surrounding the cyst. 

The cyst in the fat over the left cornu (Fig. 3) was lined with low columnar 
epithelial cells, some of which were ciliated. Very little stroma separated it 
from the subjacent, dense fibrous tissue in which were a few smooth muscle 
fibers (Fig. 4). The cyst was separated from the cornu proper by a wide 
interval of fat which showed much invasion by fibroblasts about the cyst. 
The peritoneum overlying the cornu and cyst was not involved in the formation 
of the cyst. 

EXPERIMENT 2.—The mucosa of a portion of the right cornu was removed 
from Rabbit 2, of the same size and from the same situation as in Rabbit 1. 
It was dissected off carefully and cut into pieces, a millimeter in size or less. 
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One piece was inserted into the right ovary in each of two places on the 
anterior surface, through stab wounds. One piece was slipped under the ger- 
minal epithelium. Mesentery was wrapped about the ovary and secured with 
two linen sutures. Eight weeks later, under ether anesthesia, the abdominal! cavity 
was examined. At the site of the right ovary was found a bluish-red mass, 
about the normal size of the ovary. The fat and tissue about it were firmly 
adherent and indurated. The wound was closed and in a few days it was 
healed. The animal was put with a male rabbit in order to study the effect 
of heat on any cyst which might develop. Eight days later, the animal died 
from severe coccidiosis. No pregnancy had developed. The left ovary and 
cornu were normal. There was right hydrosalpinx, and at the site of the 
right ovary a mass, 1.5 cm. in diameter, parts of which were yellow and 
opaque, but as a whole it was cystic, with fibrous adhesions firmly matted 
around it. 

Histologic Examination.—Occupying the greater part of the substance of the 
ovary were two cystic cavities, the larger 1 cm. in diameter, the smaller about 
0.5 cm. (Fig. 8). The larger cyst was surrounded by ovarian tissue, except 
on its posterior surface, where the peritoneum and subserous fibrous layer 
alone covered it. Serial sections demonstrated that the cyst approached close 
to the upper peritoneal surface. It was lined with cuboidal to columnar epi- 
thelium which in many places was ciliated, and here and there thrown into 





Fig. 3 (Rabbit 1)—Gross appearance of the cyst in the fat overlying the 
left cornu. 


very low rugae. No mitotic figures were seen. Epithelial buds in the form of 
small tubules were plentiful beneath the lining membrane. At one point, a 
small polyp projected into the cavity. The polyp was covered with high 
columnar epithelium, each cell being densely ciliated. Small masses of erythro- 
cytes and a few hemosiderin-laden phagocytes were present in the lumen. 
The stroma of the polyp was edematous fibrous tissue, with numerous fine 
capillary vessels. 

The stroma of the subepithelial layer of the cyst was composed of rather 
closely packed collagen fibers and flattened spindle cells, and surrounding this 
layer was a thicker layer of smooth muscle fibers and collagen. 

The smaller cyst on one side lay apposed to ovarian tissue; but its growth 
had apparently been in great part subperitoneal. It was quite similar to the 
larger cyst, with the exception that not so many of its lining cells were ciliated. 

The ovarian tissue contained a multitude of primordial follicles of many 
sizes, and corpora lutea were also very numerous. Several narrow spaces just 
beneath the peritoneum and also deeper in the ovary were lined with non- 
ciliated cuboidal cells which were undoubtedly peritoneal in origin. In several 
places, in the vicinity of the two large cysts, were large numbers of mono- 
nuclear phagocytes filled with hemosiderin. 
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These two cysts were in all probability derived from the transplanted endo- 
metrial tissue, as they were like the cysts found by similar transplantation into 
the fat of the mesosalpinx, being lined with ciliated epithelium which had formed 
irregular folds and polypoid ingrowths and with stroma composed of fibrous 
tissue and smooth muscle. 

EXPERIMENT 3.— The mucosa was dissected from 2 cm. of the excised 
portion of the left cornu from Rabbit 3, and cut up into millimeter-sized 
pieces. With the point of an eye knife, three stab wounds were made in 
the anterior serosal surface of the fundus uteri, and with fine forceps, two 














Fig. 4——Low power photomicrograph of a transverse section through the 
cyst and cornu shown in Figure 3. 


pieces of cornual mucosa were inserted beneath the serosa. There was slight 
bleeding from these wounds. The left mesosalpinx was brought over the 
wounded surface and held in place by a linen stitch on the right side of the 
uterus. Nine weeks later the animal was killed with ether. On the anterior 
surface of the uterus were found two glistening cysts, 0.5 and 1 cm. in dia- 
meter, respectively. These cysts appeared to be somewhat adherent to the wall 
of the fundus. There were focal indurated areas in the fat of the meso- 
salpinges. On section these areas were found to contain cysts (Fig. 9). 
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Histologic Examination——Fundus Uteri: Where the wall had been trauma- 
tized by the knife, fibrous tissue had grown into the defect, with subsequent 
puckering produced by the scar. No epithelial growth was found in serial 
sections proceeding outward from the mucosa or inward from the serosa. The 
pieces of tissue which had been planted beneath the serosa had apparently 
become loosened from their positions and had wandered out in the pelvic 
cavity where they became attached at the following points. Two cysts lay 
closely apposed in the fat overlying the fundus. Their walls were very thin, 
that of the larger being about 0.5 mm. and of the smaller about 0.9 mm. in 
the fixed specimen. Where the cysts were in contact with each other, their 
walls increased in thickness to about 1.22 mm. In the larger cyst was an 
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Fig. 5.—Photomicrograph of a section through b in Figure 2, showing 
polypoid growths into the lumen of the cyst. Much smooth muscle is present 
in the wall of the cyst. 


albuminous precipitate and a small amount of recent hemorrhage with a 
moderate number of polymorphonuclear neutrophils and mononuclear phago- 
cytes. The cyst was lined with a single layer of epithelial cells, which 
in the thinnest parts were flattened; but where the wall was thicker, they were 
low to high cuboidal. Many of these cells had rounded knobs which might 
have been a precursory stage of cilia. Rarely a cell was found with well 
developed cilia. There were numerous shallow glandlike downgrowths of 
epithelium, and the stroma about these was composed of fairly large spindle 
cells, with large vesicular nuclei. Beneath this layer, which was quite thin, were 
arranged bundles of smooth muscle fibers in a circular manner, and outside 
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the circular layer these fibers were found lying in many different planes. The 
wall of this cyst was well supplied with thin walled blood vessels. The sur- 
rounding fat showed very little fibroplastic reaction. 

The smaller cyst differed from the larger in being lined with epithelial 
cells of a higher type, and in one quadrant a polypoid growth extended into 
the lumen. This growth was 1 mm. in size and was covered with low columnar 
epithelial cells which had a knobbed free surface. The nuclei lay in the basal 
portion; many were hyperchromatic, a few, in mitosis. The stroma was com- 
posed of fibroblasts and newly formed blood vessels and a few polymorphonuclear 
neutrophils and eosinophils were present. A few tubular ingrowths pro- 





Fig. 6.—High power photomicrograph of part of the lining of the infoldings 
in Figure 5. Numerous ciliated cells are shown and the arrow points to an 
epithelial cell in mitosis. 


ceeded from the surface into the center of the polyp. The stroma of the 
lining membrane was similar to that of the larger cyst, and surrounding it 
were bundles of smooth muscle lying in many planes as in the former. 

In the fat of the mesosalpinx was a multilocular cyst (Fig. 9 b), about 
3 cm. from the fundus, and of practically the same structure as those just 
described, although the larger cavities had a single layer of flattened epithelium 
for lining, with no evidence of cilia. The wall consisted of fibrous tissue 
bundles intertwined with smooth muscle fibers. It contained a clear fluid, but 
no blood. This cyst was embedded in the fat of the mesosalpinx, but there 
was very little reaction in the surrounding fat, only a narrow zone of fibroplasia. 
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Lying in the right mesosalpinx fat, at another point, was a multilocular 
cyst, nearly 3 cm. in diameter (Fig. 9 a). It contained about six chambers, 
all but two of which communicated with one another. The wall varied in 
thickness from a fraction of a millimeter to 3 mm. Papillary ingrowths had 
occurred and these consisted of a stalk of delicate fibrovascular stroma covered 
with cuboidal to columnar epithelium in single or double layers. Small groups 
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Figure 7.—Another portion of the wall of the cyst in Figure 5, showing 
the columnar epithelium, many cells ciliated, and many having on their free 
surfaces knobs which may be precursors of cilia. 


of epithelial cells had invaded the stroma in several places. The subepithelial 
layer elsewhere consisted of closely packed short spindle cells, somewhat 
similar to those of the endometrium. A layer of smooth muscle, about six 
cells in thickness, surrounded this cystic growth and this in turn was sur- 
rounded by a band of collagen fibers. 
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EXPERIMENT 4.—At operation on Rabbit 4, midterm pregnancy was found, 
with four fetuses in the left cornu and two in the right cornu. The dilated 
portion of the right cornu containing the distal fetus was extirpated, and the 
pieces a and b (Fig. 10) were removed, about 1.5 cm. each, from which the 
mucosa was dissected free. Very fine pieces of mucosa were inserted into 
the right mesosalpinx in two pockets, about 1 cm. deep. The animal was then 





Fig. 8—Low power photomicrograph of the right ovary of Rabbit 2, showing 
two cysts, a and b, which resulted from the endometrial tissue implanted in 
the ovary. 


put in a cage containing a male rabbit. Seven weeks later an exploratory opera- 
tion was performed. No mature fetuses were found, the animal having delivered 
and probably eaten them, several weeks before. Both cornua were, however, 
congested, an early pregnancy undoubtedly existing in the left but none in the 
remaining 3 cm. of the right. The mesenteric fat of the right cornu was 
indurated in an area, 1.5 cm. in diameter, in the portion nearest the fundus, and 
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a reddish discoloration was visible through the fat in this area. The fundus, 
viewed posteriorly, showed adherent to it a slightly reddish firm mass, 3 mm. 
in size but of irregular outline. The animal was again allowed to recover. 
Ten days later it was killed. 

Necropsy disclosed two well developed fetuses in the left cornu, but none 
in the right. There was no visible evidence of infection. The anterior uterine 
wall was adherent to the abdominal wall along the line of the scar. There 
was a strawberry-like protusion of the mucosa of the stump of the right cornu. 
Cysts, about 2 mm. in size, each filled with clear fluid, were found in the fat 





Fig. 9—Photograph of gross specimen, slightly retouched, of two cysts in 
the mesosalpinx of Rabbit 3. The cyst a is multilocular. 


of the right mesosalpinx in three different places. These cysts appeared to 
be multilocular and lined with a glistening membrane. A firm mass, about a 
centimeter in size, was found quite adherent to the right posterior surface 
of the fundus below the entrance of the cornu. 

Histologic Examination.—The cyst A in Figure 9 was embedded in the fat 
of the right mesosalpinx, about 0.5 cm. from the cornu, and had no connection 
with the cornu. It was composed of many chambers, four of macroscopic 
dimensions, and a great number of microscopic cavities. The smaller cysts 
were formed by the anastomosing of very narrow fibrous septums which were 
covered by a single layer of much flattened epithelium. The larger cavities 
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in places had a stratified lining of epithelial cells of from four to six layers, some 
being ciliated, although low cuboidal in type. The stroma consisted of a 
collagenous reticulum with small bundles of smooth muscle fibers here and 
there, frequently lying near a cyst and following the cyst’s contour. Many 
thin walled blood and lymph vessels were present. In many places, the stroma 
had been invaded by small groups of epithelial cells, and about them fibro- 
blasts had taken on increased activity and a slight lymphocytic reaction had 
occurred. These smaller masses of epithelium usually showed a lumen and 
their own arrangement at times suggested a syncytium (Fig. 12). Surround- 
ing the entire growth was an irregular border of fibrous tissue which penetrated 
between the adjoining fat cells in delicate branches. 

Another cyst found in the right mesosalpinx was also multilocular, and its 
structure was essentially the same as the growth just described, except that 
there had been less invasion of the stroma by the epithelial tissue. 

The formations in Figures 11 and 13 differed markedly from those in the 
other two growths (Fig. 14). The former are, to all intents and purposes, 
multilocular cysts lined by flattened epithelium, some of which is ciliated. One 
of the latter may be considered a multilocular cyst, but with an epithelium of 
a higher type and much more deeply staining. Each of the cells had a very 
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Fig. 10.—Diagram showing the source of the tissue used in transplantation 
in Rabbit 4. Endometrium from pieces a and b were used. 


large nucleus which occupied fully two thirds of the cell. A great many of the 
cells were ciliated. They tended to form acini and rounded cystic cavities, which 
as a whole were much smaller than those shown in Figures 11 and 13. No true 
basement membrane was present. Many epithelial cells were found lying in the 
stroma, which between the smaller cysts appeared very cellular as a whole, but the 
infiltration with epithelial elements frequently overshadowed the true stromal 
architecture. Scattered throughout the stroma were small groups of nonstriated 
muscle fibers. 

In Figure 14 is seen the most rapidly growing, from a histologic point of 
view, of all the growths encountered in this investigation. It was located in a 
mass of fat in the right mesosalpinx, which was firmly adherent to the right 
posterior surface of the fundus uteri. While the term “adenoma” has purposely 
been avoided in the anatomic descriptions thus far, I cannot help remarking 
that the term “papillary cyst-adenoma” conveys better than any other one expres- 
sion the essential features of this growth. There were numerous cystic cavities 
into which projected papillary processes of many sizes and shapes, from very 
simple to complex arborizations. These processes were covered with cuboidal 
to columnar epithelium, frequently stratified. The cells were deeply staining, 
with a large round to oval-nucleus, which occupied most of the cell and was 
sometimes in mitosis. Ciliated cells were very numerous, both on the cells 
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lining the smaller acini and on those lining the largest spaces. The stroma 
was very cellular in the more rapidly growing parts; but elsewhere it contained 
much collagen and endothelial lined spaces. A few lymphoid cells were found 
scattered here and there in the more cellular areas. 

Many epithelial buds and dilated acini were present in the tissue underlying 
the lining membrane, apparently arising from the latter. Smaller cystic out- 
growths had proceeded toward the fundus uteri, which, while not actually 
experiencing invasion of its muscle wall, nevertheless was greatly distorted by 
a papillary cystic growth where it was attached to the mesosalpinx. Serial 
sections were made of the whole of this growth. Smooth muscle was present 
in small amount in the stroma. The reaction about the entire mass was quite 

















Fig. 11—Low power photomicrograph of a multilocular cyst in the right 
mesosalpinx of Rabbit 4. 


similar to that which had occurred about the growths in the animals previously 
mentioned. 

The epithelial reaction in Figure 14 was very similar to that which had 
occurred in the cornu which contained the fetuses, but it was distinctly different 
from that in Figures 11 and 13, as the photomicrographs show. 

EXPERIMENT 5.— At operation on Rabbit 5, pregnancy was found, there 
being five fetuses of about midterm in each cornu. A _ linear _ inci- 
sion was made in the anterior wall of the left cornu, over the fetus lying 
proximal to the fundus uteri. The membranes bulged into the defect, but 
there was little bleeding. Nothing further was done and the animal was 
allowed to recover. Twenty-four days later, the animal was killed with ether. 
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At necropsy no gross evidence was found of the incision in the left cornu. 
It had apparently healed completely without a scar. Three indurated areas 
were found in the fat of the mesosalpinx of each side. They were all 
in a triangular area, about 3 cm. wide, whose base was the upper surface of 
the left cornu. Two of these indurations were 3 mm. in size, the other, 1 mm. 
The ovaries contained many distended follicles and corpora lutea. 

Histologic Examination.—In the mesosalpinx of the left cornu was a cyst, 
about 8 mm. in diameter. It was lined with flattened or cuboidal epithelial 





Fig. 12.—Epithelial proliferation in the stroma of the cyst in Figure 11, 
showing a tendency to form syncitial-like masses about dilated spaces. 


cells, many of which were densely ciliated. The nuclei were round or oval, 
with their long axes parallel with the circumference of the cyst. In the lumen 
was a fine granular precipitate. Beneath the epithelial layer was a compact 
layer of collagen, fibroblasts and a few smooth muscle fibers. The cyst was 
in contact with the peritoneum over about one fourth of its circumference. In 
the surrounding fat, immediately adjacent to the cyst, there was slight fibro- 
plastic activity and a few small groups of smooth muscle fibers lay isolated. 

In another place in the fat was an epithelial lined cyst, about 2 mm. in 
diameter. The cyst communicated with a smaller cyst which was probably the 
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result of an outgrowth from the larger. In the lumen of both were a few 
degenerating epithelial cells and mononuclear phagocytes containing pyknotic 
material and fat droplets. An occasional cell lining the larger cyst was provided 
with cilia. The lining was composed of epithelium which in places consisted of 
several cells in strata. They were cuboidal to low columnar but of much 
irregularity in outline. No mitotic figures were seen. About the epithelial 





Fig. 13—Low power photomicrograph of a multilocular cyst in Rabbit 4, 
showing epithelial proliferation in the stroma and the characteristic reaction 
in the surrounding fat about an endometrial autotransplant. 


layer was a condensation of collagen, fibroblasts and a moderate number of 
nonstriated muscle fibers. In the adjacent fat was much hemorrhage, fibroplasia, 
infiltration by eosinophils and mononuclear phagocytes. Many newly formed 
capillaries were present. This cystic growth was apparently very young and 
the reaction about it was more intense than in the usual autotransplant. 

The cornua showed the same picture as in Rabbits 1, 2 and 3. 
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COMMENT 


In attempting to plant tissue in the peritoneal cavity of a rabbit, 
certain difficulties are encountered. Peristalsis of the intestines and 
uterine cornua dislodge transplants unless they are firmly placed. The 
endometrial tissue will grow where it stays “put,” and if it is cast from 
its anchorage repeatedly, it probably dies and is disposed of as a foreign 
body. Injury to the peritoneum probably assists in the localization of 
the transplants, and this is in accord with Sampson’s theory of a possible 
faculty of menstrual blood to prepare the peritoneum for the growth 
of cells escaping from a perforating hemorrhagic cyst of the ovary. In 














Fig. 14—Low power photomicrograph of the very rapidly growing “papillary 
cyst adenoma” in Rabbit 4. Serial sections show much pressure atrophy of the 
fundus uteri where the growth encroaches on it. 


the rabbit, advantage was taken of the large amount of adipose tissue 
in the mesosalpinges, and endometrial tissue was embedded deep in it. 
This method resulted in a large percentage of “takes.” The other 
transplants, after roaming about in the pelvis, settled down and grew 
in the vesico-uterine space, in the culdesac and on the free serosal 
surface of the cornua. 

In this series of experiments, performed on five consecutive female 
rabbits, certain facts were demonstrated: (1) Endometrium alone 
from a nonpregnant animal will grow when transplanted into the fat 
of the mesosalpinx or on the pelvic peritoneum of the same animal, and 

















Fig. 15—High power photomicrograph of a portion of one of the papillary 
growths in Figure 14, showing the hyperchromatic epithelium, the great cellu- 
larity of the epithelial tissue and invasion of the stroma. 























Fig. 16—Low power photomicrograph of a growth of epithelium (some 
cells with cilia) in the fat just beneath the peritoneum of the left mesosalpinx 
of Rabbit 5. Fibroplasia, hemorrhage, and increased vascularity are to be 
noted about this epithelium. 
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is found actively growing from fifty-six to seventy days after trans- 
plantation (Rabbits 1 and 3). (2) Endometrium from a nonpregnant 
rabbit will grow when transplanted into an ovary of the same animal, 
and is found growing sixty-four days after transplantation (Rabbit 2). 
(3) Endometrium from a pregnant rabbit after transplantation into 
pelvic fat or onto pelvic peritoneum will grow and show more active 
proliferative changes than endometrium from nonpregnant rabbits 
(Rabbit 4). (4) An incision through a cornual segment containing a 
fetus may result in dissemination of endometrial cells in the surround- 
ing tissues, implantation “adenomas” thus arising (Rabbit 5). 

In all of the rabbits, the general type of growth produced, whether 
in the nonpregnant or in the pregnant animal, was a cyst, usually 
multilocular. The fluid contents of the cyst were not examined chemi- 
cally. Since the transplanted tissue acts for a time as a foreign body, 
the fibrous tissue formation about it, along with smooth muscle fibers, 
constitutes the capsule into which the epithelial sprouts may grow. The 
cysts were lined with epithelium which was either actually or potentially 
ciliated. The stroma may simulate closely that of the cornu of the 
uterus from which the transplant was made. In Rabbit 1 smooth muscle 
was abundant about some epithelial growths and much less in amount 
about others. It seems likely that the former growths arose from trans- 
planted bits of the entire wall of the cornu, the latter from transplanted 
endometrium. The smooth muscle reaction about endometrial tissue 
seems foreordained, and some interesting questions arise concerning this 
feature. Of course, in the transplants of the entire wall, plenty of 
smooth muscle is included to form a source of future muscle production. 
In the dissected mucosa, it is practically impossible to leave behind all 
smooth muscle, as blood vessels are torn in disengaging the mucosa, 
and the smooth muscle in their walls may be a source of muscle 
formation. 

Just what interpretation can be made of the smooth muscle response 
about the transplants in these rabbits? The whole question of 
“adenomyoma” seems to hinge on this special influence of endometrial 
tissue over smooth muscle in its vicinity. Cuthbert Lockyer, in his 
“Fibroids and Allied Tumors,” page 375, makes the following state- 
ment on this subject: 


The basis of an adenomyoma is the epithelial heterotopy or invasion. The 
myomatous constituent is there because the epithelial infiltration has taken place 
in the structure containing muscle. Muscular tissue is not essential to the 
process. Epithelium will infiltrate any soft tissue ‘during the process of repair. 
Under certain conditions this “process of repair” runs riot, and a branching 
glandular growth is produced; if muscle is in the matrix in which this takes 
place, the result is an adenomyoma. If the invaded tissue be solely fibrous, the 
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resultant is a fibro-adenoma, but the underlying genetic factor is one and the 
same in each case, i. e., epithelial repair (following an inflammatory injury) 
carried to an excess which becomes pathological. 


The amount and type of tissue reaction about the transplants other- 
wise is that usually obtained in autotransplants of the uterus of the 
guinea-pig into the ear and into the abdominal wall, also in autotrans- 
plants of other organs.* 

The most striking characteristic of the multilocular cysts formed in 
Rabbits 1, 3 and 5 is the similarity in the proportions of the various 
tissue constituents to the multilocular cyst-adenoma of women. The 
chief difference is in size. It is well known that ovarian cysts in women 
are very slowly growing. What would have been the ultimate size of 
the cysts in these rabbits can only be surmised ; but there are no indica- 
tions that they had reached their maximal development. 

Pregnancy appears to exert a profound influence over the auto- 
transplants if Rabbit 4 may be used as an illustration. The tissue 
transplanted was taken not from the wall surrounding a fetus but from 
that narrow zone of the cornu on both sides of a fetus. The epithelium 
there was deeply staining, the nuclei hypertrophied and hyperchromatic, 
the cells proliferating and sending numerous buds into the submucosa. 
In this rabbit, two multilocular cysts, much like those of Rabbits 1, 3 
and 5, resulted from the transplants, one of them being nearly 2 cm. 
in size. However, a third cyst, while multilocular, was lined with 
epithelium of the type of the uterine cornu. The stroma also resembled 
the endometrial stroma. The cysts were small and more numerous; 
many were more like dilated acini. The cyst in Figure 13 appears to 
be of a very rapidly growing and invasive type, one which might be 
called a papillary cyst-adenoma, with some of the characters of malig- 
nancy in its epithelial elements, i. e., nuclear and cytoplasmic hyper- 
chromatism, mitosis, invasion of stroma, a tendency toward invasion of 
structures to which it is adherent (fundus uteri). 

That termination of the pregnancy would have resulted in the 
assuming of a quiescent state by the new growth (transplant) cannot 
be denied or affirmed at present. The work of Loeb* on deciduoma 
in guinea-pigs suggests such an influence. Studies are being made to 
determine this point. It does not seem an unreasonable hypothesis that 
without the influence of pregnancy simple multilocular cysts are usually 


2. Hesselberg, Cora; Kerwin, William, and Loeb, Leo: Auto and Homoio- 
transplantation of the Uterus in the Guinea-Pig, J. Med. Research 38:11 (March) 
1918. 

3. Loeb, Leo: The Production of Deciduomata, J. A. M. A. 50:1897 (June 6) 
1908. 
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formed and that repeated pregnancies in an organism harboring ectopic 
growths of endometrial origin might cause a summation of growth 
stimuli with ultimately a malignant metamorphosis. 

In Rabbit 2 the transplantation into the right ovary of endometrial 
tissue resulted in the formation of two macroscopic cysts lined with 
ciliated epithelium. About these cysts was a condensation of collagen 
fibroblasts and smooth muscle fibers. A small amount of recent hemor- 
rhage had occurred into the lumen and there was some phagocytosis of 
hemosiderin. In the ovarian stroma were several large deposits of 
hemosiderin. It is possible, although doubtful, that this is an indication 
of menstrual reaction. The rabbit, however, is not the proper animal 
for the study of the effect of menstruation on these cysts. The monkey 
offers more favorable circumstances for observations involving this 
phenomenon. 

Polypoid ingrowths of the lining epithelium were present in each 
cyst. With the exception of the difference in size, these cysts have 
much the same structure as the larger “ovarian” cystadenoma of 
women. A sudden hemorrhage into one of these cysts might cause its 
rupture, with the liberation of epithelial cells and blood into the pelvic 
cavity, and it would be surprising, indeed, in the light of Sampson’s 
clinical and pathologic observations on patients with perforating hemor- 
rhagic cysts of the ovary, if implantations did not result. 


CONCLUSIONS 


It has been demonstrated in this series of experiments that endome- 
trial tissue transplanted into the ovary and pelvic fat of the same animal 
will grow for as long as seventy days and probably much longer. 
Adenoma-like growths and multilocular cysts, which, histologically, 
show much similarity to “ovarian” cyst-adenomas of women, are pro- 
duced. Under the influence of pregnancy, a more rapid epithelial 
growth occurs, with the production of a papillary “cyst-adenoma” 
which has some of the characteristics of a malignant growth. All of 
these observations are in agreement with Sampson’s explanation of 
adenomas of endometrial type which are found in the ovary, in the 
culdesac, adherent to and invading the appendix, intestine, rectum, 
oviduct and uterus, and which apparently arise from ectopic epithelium 
discharged into the pelvis through the fimbriated end of the oviduct, 
this epithelium coming either from the uterus or the oviduct or from 
both.* 





4. Sampson, J. A.: Ovarian Hematomas of Endometrial Type (Perforating 
Hemorrhagic Cysts of the Ovary) and Implantation Adenomas of Endo- 
metrial Type, Boston M. & S. J. 186:445 (April 6) 1922. 
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It is difficult to define a tumor, and if these growths in the rabbit 
cannot be so classified, they might constitute a phase between tumor and 
nontumor. If further researches confirm the findings in this small 
series of animals, it would seem that Ribbert’s hypothesis will have 
been given a sort of half demonstration, namely, that simple misplace- 
ment of mature endometrial epithelial cells is conducive to their 
neoplasmic transformation. 

An incision through the entire thickness of the wall of a cornual 
segment containing a fetus is sufficient to cause the escape of mucosal 
epithelium from the cornu into the pelvis and from these ectopic 
epithelial cells implantation “adenomas” develop. 

There seems a strong likelihood that the origin of pseudomucinous 
cyst-adenomas and papillary cyst-adenomas will be explainable on the 
basis of their arising from ectopic endometrial tissue. Also that preg- 
nancy may, perhaps, exert an influence on these growths in the direction 
of malignant degeneration. 














DIRECT TRANSFUSION OF BLOOD 


REPORT OF CASES * 


J. SHELTON HORSLEY, M.D.; WARREN T. VAUGHAN, M._.D., 
AND 
A. I. DODSON, M.D. 


RICH MOND, VA. 


The ease with which blood transfusion by the citrate method may 
be carried out has, during the last ten years, resulted in its use, almost 
to the exclusion of direct methods. It has popularized transfusion in 
various diseases, and has, without doubt, in the aggregate been most 
beneficial. More patients requiring transfusion have been transfused 
than before the development of the indirect method, and there can be no 
question that a large number of lives have been saved by its employ- 
ment. The general statistical results are good. It is in a consideration 
of the results in individual cases that certain dangers in citrate trans- 
fusion become apparent. 


REACTIONS FOLLOWING CITRATE TRANSFUSION 

Considerable literature has accumulated during the last few months 
concerning the types of reaction following citrate transfusion, and the 
causes therefor. P. W. Clough and M. C. Clough? have given an 
excellent summary of the three types of reaction: the first, occurring 
in persons apparently of homologous blood groups, and in whom the 
reaction must perforce be due to some alteration of the blood during 
the process of transfusion; the second, or so-called hemolytic reaction 
following the use of incompatible blood, and the third, occurring in 
persons who have received many transfusions and in whom there has 
apparently developed some alteration that renders them sensitized 
against the blood of the donor. 

With the two latter types of reaction we are not immediately con- 
cerned. The third type may occur either after a direct or indirect trans- 
fusion, and the second can usually be avoided by appropriate methods of 
matching. It has been found, however, that much more careful match- 
ing is necessary than has hitherto been employed. Both direct matching 
and blood grouping should be done, and examination for agglutinative 
phenomena should be made, covering a period of many hours instead 
of the one hour generally allowed. 


*From the surgical, medical and urologic services of St. Elizabeth’s 
Hospital. 
1. Clough, P. W., and Clough, M. C.: Southern M. J. 14:104 (Feb.) 1921. 
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Numerous explanations for the first type of reaction have been 
offered. After eliminating variations or errors in technic by the use 
of freshly distilled water, chemically pure reagents, aged or specially 
treated rubber tubing, constant temperature, and a minimum time, reac- 
tions of this type still occur, and, as has been stated, appear to be due 
to some alteration in the blood itself, dependent on its treatment. 

Drinker and Brittingham * have demonstrated changes in the blood 
platelets coincident with early coagulation. Many of them are partially 
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Chart 1—Pulse and blood pressure curves in a case with profuse hemor- 
rhage from the left kidney. The patient was in shock before operation, and 
transfusion raised the blood pressure and lowered the pulse. During operation, 
more severe shock developed, and a second transfusion was given with satis- 
factory results as regards pulse, blood pressure and general condition. The 
shaded areas. denote periods of transfusion. The second transfusion was dis- 
continued because of reaction in the donor (compare Chart 5). The symbols 
explained under this chart are used in all the other charts. 


2. Drinker, C. K., and Brittingham, H. H.: Transfusion Reactions, Arch. 
Int. Med. 23:133 (Feb.) 1919. 
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or totally destroyed in citrate transfusion. They have also shown that 
the addition of sodium citrate in the amounts used in transfusion 
increases the fragility of the red blood cells, and the tendency to 
hemolysis. 

Unger * has shown that the addition of sodium citrate in the pro- 
portion used in transfusion to normal blood renders it anticomple- 
mentary in the Wassermann reaction. He concludes, in a brief report 
of his experiments, that in citrate transfusion blood is being given in 
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Chart 2.—Rapid rise in systolic and diastolic blood pressure, with diminu- 
tion of the pulse rate during and following the period of transfusion. This is 
the type of curve most frequently encountered. 


which complement has been diminished in two ways: first, by the 
production of an anticomplementary substance which inactivates some 
of the available complement, and second, by direct partial destruction 
of the normal complement in the serum. He believes that he has shown 
that this action of sodium citrate is directed in part at least against 
the red cells themselves, and that it persists even after the hemoglobin 


3. Unger, L. J.: Deleterious Effect of Sodium Citrate Employed in Blood 
Transfusion, J. A. M. A. 77:2107 (Dec. 31) 1921. 
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has been removed from them. He has also demonstrated a diminution 
in the phagocytic power of the leukocytes and in the opsonic power of 
serum, after treatment with sodium citrate. 

Henderson and Haggard‘ report that after bleeding a dog to a 
point previously determined, at which the chances for recovery or fatal 
issue are about equal, the injection of even a small amount of sodium 
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Chart 3.—Transfusion administered as a prophylactic measure before the 
advent of actual shock. Good results are evident chiefly in the pulse curve. 


citrate into the veins will cause almost immediate death. This fact is 
surprising when contrasted with the reports of other observers ° regard- 
ing the beneficial action of sodium citrate injected intravenously in the 
treatment of hemorrhage. Further work will probably clarify this 
problem. 


4. Henderson, Yandell, and Haggard, H. W.: Hemorrhage as a Form of 
Asphyxia, J. A. M. A. 78:697 (March 11) 1922. 
5. Neuhof, H., and Hirshfeld, S.: New York M. J. 113:95 (Jan. 15) 1921. 
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It is an evident fact, therefore, that citrated blood, as used in trans- 
fusion, is a changed blood, and that the changes so far studied are of 
a deleterious nature. Citrate transfusion at best is but a makeshift 
method. There has never been any question, even among the most 
ardent advocates of the indirect method, as to the advantages of direct 
transfusion when practicable, and it is only because of the relative 
difficulty and inconvenience of performing direct transfusion that the 
indirect method has attained such great favor. 
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Chart 4.—Type of pulse and blood pressure curves most frequently encoun- 
tered in donors. The blood pressure remains practically unchanged. The 
pulse, which is moderately accelerated because of excitement and apprehension, 
later falls to normal. 


RELATIVE VALUE OF WHOLE AND CITRATED BLOOD TRANSFUSIONS 


If the employment of whole unchanged blood could be made as 
simple as the use of citrated blood, there is no doubt that the former 
method would be universally employed. As has been emphasized by 
Bernheim ° and others, it is in the localities where there is no expert 
trained in the employment of direct transfusion that the indirect method 


6. Bernheim, B. M.: Whole Blood Transfusion and Citrated Blood Trans- 
fusion, Possible Differentiation of Cases, J. A. M. A. 77:275 (July 23) 1921. 
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has, and will have, a distinct place and value; but when direct trans- 
fusion can be employed equally efficaciously, we believe that it should 
be the method of choice. 

The outstanding advantage of whole blood transfusion over citrate 
transfusion lies in the decidedly lessened incidence of post-transfusion 
reactions of the first type described by Clough and Clough. By the 
citrate method the frequency of reactions is variously estimated from 
17 per cent. to 60 per cent.—averaging around 32 per cent. In whole 
blood transfusions, Bernheim found reactions to be present in 5 per 
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Chart 5.—*Vagus” type of reaction in donor, with early fall of pulse rate 


and blood pressure. 


cent., Sloan in 5 per cent., and Lewisohn in 5 per cent. A few 
observers have found differing results, such, for instance, as those of 
Ravdin and Glenn,’ who found about equal incidence of reactions 
following both citrate and whole blood transfusion. However, the 
weight of evidence given by the various observers who have had wide 
experience in both methods unquestionably favors the incidence of a 
very low percentage of reactions following direct transfusion, and a 
high percentage following the indirect method. 


7. Ravdin, I. S., and Glenn, E.: Am. J. M. Sc. 161:705 (May) 1921. 
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Disagreements regarding direct transfusion are, to some extent, at 
least, to be accounted for by differences in operative technic. Certain 
methods of so-called direct transfusion, as, for example, by the use 
of multiple syringes, are in a sense indirect methods. There are grades 
of directness, and it has been our experience that the more nearly direct 
the method, the less liability is there of reaction occurring. 

Our experience during the last eighteen months has been mainly 
with surgical cases, complicated by shock or hemorrhage, or both— 
cases in which the occurrence of a reaction, with chill, fever, nausea, 
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Chart 6.—Late type of reaction in donor, with fall in blood pressure and 
increase in pulse rate. 


vomiting, and so forts, might easily be the deciding factor in the 
balance between life and death; and we have, therefore, had an excellent 
opportunity to study the advantages and disadvantages of the direct 
method of transfusion. We were led to return to the direct method 
through apprehension that the occurrence of a severe citrate reaction 
might sooner or later result in an unwelcome fatal issue. We had had 
no deaths attributable to the use of sodium citrate in indirect trans- 
fusion, but had witnessed some disquieting reactions. We had one 
death with symptoms of hemolysis following this method, though the 
bloods had been previously matched. A certain number of deaths have 
been described in the literature. 
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The characteristic reaction following citrate transfusion usually 
commences with a chill, coming on from one to two hours after trans- 
fusion, and followed by a rise of temperature of from 2 to 6 degrees. 
The maximum fever is usually reached within from two to four hours, 
and the return to normal occurs a little less rapidly than the develop- 
ment of the fever. Occasionally, the fever may persist for as long as 
three days. The subjective symptoms consist of chilliness, headache, 
general discomfort, and, occasionally, nausea and vomiting. Both the 
pulse and respiration are somewhat accelerated. As a rule, recovery 
is rapid and, to all appearances, complete. There is no way in which 
one may tell in what case one may expect a serious reaction with a 
high fever of long duration, or a mild reaction, or none at all. 
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Chart 7.—Delayed reaction in donor coming on two and one-half hours after 
the termination of transfusion, and due chiefly to depletion. 


During the last eighteen months we have performed twenty-four 
direct transfusions. In no case has there been a distinct reaction to 
the transfusion. One patient (Case 6503), whose case was diagnosed 
metrorrhagia, hypertrophy of the uterus, sclerosis of the uterine vessels 
and cyst of the right ovary, had been bleeding profusely over a long 
period of time, so that the hemoglobin had fallen to 44 per cent., red 
count to 1,904,000. A hysterectomy was performed, with the removal 
of a cystic ovary. Immediately after the operation she was transfused 
by the direct method (Chart 3). The patient belonged to Group II, 
and the donor to Group IV. Following transfusion she complained 
of a low-grade pain in the back and abdomen, and for several days 
thereafter she had mild diffuse joint pains. She vomited only once 
after the general anesthetic and transfusion. Two or three days after 
the operation, she developed herpes on the lower lip. The temperature 
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after operation at no time rose above what it had been during the 
preceding three days (102 F), and there was no respiratory distress and 
no hematuria. The backache frequently occurs after hysterectomy, 
and the patient had given a previous history of recurrent general joint 
pains. Thus, even though the donor and recipient were of different 
blood groups, one is scarcely justified in calling this case a definite 
transfusion reaction. 

This case is reported in some detail because it comes nearest to 
being a case of transfusion reaction of all of our twenty-four cases. 

Most of the transfusions have been performed on patients at the 
time of operation, and the presence of a low-grade febrile reaction 
cannot be taken as evidence of transfusion reaction, unless accompanied 
by other distinctive signs. In none has chill occurred, and in none has 
there been any nausea, vomiting, respiratory distress, urticaria, or 
other symptom than that usually found in similar postoperative cases. 
It is customary, in discussing transfusion, not to consider an increase 
of 1 or 2 degrees of temperature, with entire absence of other mani- 
festations, as evidence of reaction.’ 


TECHNIC OF DIRECT TRANSFUSION 

The method of transfusion used in the twenty-four cases we report 
is the direct method by the cannula. The cannula used is the one devised 
by Bernheim, and is made of silver. It consists of two parts, a male 
and a female part, one fitting accurately into the other. The ends of 
each half terminate obliquely, to facilitate inserting them into the 
vessels. The end of the male half is for the donor’s artery, and is 
slightly smaller than the end of the female half, which is for the 
recipient’s vein. The two halves are disconnected and boiled in a good 
mineral oil. 

The region over the lower end of the left radial artery of the donor 
is well infiltrated with 0.5 per cent. procain solution, to each ounce of 
which about 2 drops of from 1 to 1,000 solution of epinephrin has been 
added. After about three minutes, an incision 114 inches (3.8 cm.) long 
is made over the radial artery, and the artery is carefully dissected out. 
Care is taken to clamp every bleeding point with mosquito forceps. 
About three-fourths inch (19 mm.) of the artery is exposed. After first 
exposing the artery, the dissection may be more quickly completed 
bluntly by spreading closed scissors. Mosquito forceps are used to catch 
about one third of the lumen of the artery near its lower end, and a fine 
catgut ligature is passed beneath the artery and tied, while gentle trac- 
tion is made upward and toward the body with mosquito forceps. In 
this way the ligature is placed at the extreme distal end of the exposed 
artery. All bleeding points are tied with fine silk or fine catgut. A 
serrefine is placed on the artery at the upper end, leaving a little more 
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than a half inch (1.2 cm.) of the artery between the ligature and the 
serrefine. The mosquito forceps, which still grasp the artery, are 
lifted up, and an oblique incision is made into the artery about one- 
third or one-half through its caliber. Through this incision, the male 
half of the cannula, which has been boiled in mineral oil, is passed. 
If there is any difficulty about introducing it, closed mosquito forceps 
can be inserted to dilate the artery. After inserting the cannula, it 
is tied snugly with a small linen ligature. 

The wound is covered with moist gauze, and the female half is 
inserted into a vein of the patient in a similar manner. It is advisable 
to use a vein that is sufficiently large, but not necessarily the large 
veins at the flexure of the elbow, as the scar here may later cause 
inconvenience. 

The male half of the cannula may be inserted, with the donor in the 
operating room, and he may be permitted to walk to the patient’s room 
and recline in an easy chair while the two halves of the cannula are 
connected. Just before connecting the cannula, a small spurt of blood 
from the radial artery is allowed to flow in order to expel the air. 
The female half may be filled with salt solution for the same purpose. 
The two halves of the cannula are then quickly united, both serrefines 
are removed, and the current of arterial blood is turned on. The 
pulsation can be felt, and usually can be seen, in the vein. If there is 
a tendency to clot, the serrefine is replaced on the artery, and the 
two halves of the cannula are disconnected. A clot may be removed 
by applying suction from a syringe fitted with a small rubber tube, 
such as a piece of a small catheter. If this does not succeed, a silver 
probe is introduced into the cannula at either end, and the serrefine 
on the artery is removed until the blood flows freely. Occasionally, 
clotting occurs very rapidly, so it is well to have two cannulas ready, 
that a new one may be inserted if the first one clots too frequently. 
Usually a strong flow is obtained, which will last for ten or fifteen 
minutes without interruption. Occasionally, it is necessary to dis- 
connect the cannula and clean it out. 

It is important to see that the cannula is clean, that it is coated 
with oil, and that no blood is permitted to come in contact with its 
interior until immediately before the two halves are connected. 

The linen ligature should be removed before closing the wound, 
otherwise it may cause trouble later. The vessel is ligated with fine 
plain catgut, and the wound closed in the usual way. 

It is true that in the direct cannula method we do not know the 
amount of blood transfused. This is a valid criticism of the method; 
but we would point out that the important element in transfusion is 
not the administration of 500 c.c. or 1,000 c.c., or any stated amount 
of blood, but the infusion of sufficient blood to produce the desired 
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therapeutic effects. In the administration of ether, or any drug, the 
object is not to give a definite amount, but to obtain a therapeutic effect. 

It is very important when using this method that the condition of 
both the recipient and the donor be followed: first, to ascertain when 
a sufficient amount of blood has been transfused, and second, to prevent 
excessive depletion of the donor. We have had no trouble in any of 
the transfusions with regard to the second factor. The routine fol- 
lowed at St. Elizabeth’s consists in recording at two and one-half or 
five minute intervals the systolic and diastolic blood pressure and pulse 
rate of both donor and recipient, together with close observation of 
the general condition and subjective symptoms in both persons. It has 
been our experience in several cases of shock immediately following 
operation that the systolic blood pressure will fall to as low as 80 or 
70 mm., and the subsequent rise following transfusion is rapid and 
satisfactory, as indicated by the accompanying blood pressure curves 
for the recipients (Charts 1 and 2). We have found that from fifteen 
to eighteen minutes of transfusion is sufficient for therapeutic results, 
and does not cause too much depletion of the donor. A great deal 
depends, however, on the size of the vein used in the recipient, on 
the size of the artery and on the blood pressure of the donor. The 
process must be carefully watched to prevent the transfer of too large 
an amount of blood. 


REACTION OF DONOR TC TRANSFUSION 

The blood pressure curves in the donor show as interesting changes 
as do those of the recipient. We have found, in general, four types 
of curves, as illustrated by Charts 4 to 7. In the first type, which com- 
prises the great majority of cases, there is no change in blood pressure 
throughout the transfusion, or after its completion. In the second type, 
the blood pressure of the donor may fall rapidly at, or near, the onset 
of transfusion to as low as 80, systolic, or 40, diastolic. The fall is 
rapid over a period of five or ten minutes, and is accompanied by a 
slowing of the pulse of as much as thirty-five beats per minute, with 
the development of a sudden intense greenish pallor. In this type of 
case we have terminated the transfusion temporarily until the blood 
pressure has returned to about normal, after which the transfusion may 
usually be continued for the customary length of time without further 
subjective change, or change in the blood pressure or pulse rate. This 
appears to be a vagus type of reaction. 

A somewhat analogous type of reaction consists of a fall, occurring 
toward the end of transfusion, or immediately after the transfusion 
has been terminated. In one case the systolic pressure fell to 54, and 
the diastolic could not be obtained. One distinct point of difference 
is that in this type the pulse rate rises. The subjective symptoms are 
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similar, and there may be nausea and vomiting. Lowering of the 
head and the administration of aromatic spirit of ammonia will usually 
be sufficient to produce a rapid amelioration of symptoms, and the blood 
pressure again rises to normal, while the pulse rate falls. It may take 
as long as forty minutes before normal equilibrium is restored. This 
reaction appears to be due more to a loss of blood than to psychic 
factors, and is a danger signal calling for immediate termination of 
the transfusion. 

Another type of reaction in the donor has been observed. Thus, in 
Chart 7, the donor at the onset of transfusion had a systolic blood 
pressure of 140, diastolic 80. This fell during transfusion to systolic 
125, and diastolic 80, and for one hour after transfusion the pressure 
remained constantly 120 systolic, diastolic 80. It was not until two and 
one-half hours after the termination of transfusion, when the donor was 
allowed to sit up in a chair, that he began to feel faint. The skin became 
pale, cold and clammy, with a slightly greenish tint, and the patient lost 
consciousness. The blood pressure at that time was 96 systolic, and 
60 diastolic. He was placed in bed, the foot of which was elevated. 
The systolic blood pressure remained below 100 for more than one-half 
hour, but gradually increased, and at the end of two and one-half hours 
it was 110 systolic, 70 diastolic. The patient was allowed to get up, 
returned home, and had no subsequent symptoms. 

Cases with the last three types of reaction are infrequent. The 
first type of curve is that usually encountered. The factors influencing 
the type of reaction in the donor appear to be: (1) the amount of blood 
withdrawn; (2) psychic influences ; (3) vasomotor instability; (4) the 
rapidity with which fluid depletion can be replaced by the administration 
of fluids by mouth, and (5) the time at which the donor is allowed 
to get up. 

ILLUSTRATIVE SEVERE CASES 


Case 5846 was that of a man, 75 years of age, who was operated on 
for cancer of the prostate. After a preliminary suprapubic drainage, a 
suprapubic prostatectomy was performed. Immediately after opera- 
tion the temperature was normal, the pulse 90, and the respiration 22. 
Two hours later the patient began to bleed profusely from the site of 
operation. The condition rapidly became critical. The pulse increased 
to 160, respiration 24, and the blood pressure fell to 75 systolic, 
diastolic not obtainable. He was transfused, and the blood pressure 
steadily increased until at the end of fifteen minutes of transfusion the 
systolic pressure was 115, diastolic 85. The pulse fell to 120. There 
was some bleeding for a short time only, following the transfusion. 
The patient made an uneventful recovery, and is now symptom-free, 
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eleven months after the operation. If in this case there had been a 
transfusion reaction, there can be little doubt that the patient would 
have died. 

Another patient (Case 6112) was admitted with bleeding from the 
left kidney. Fifteen days after a nephrotomy, the patient began to 
bleed in very large amounts through the wound, and it was found 
necessary to perform a nephrectomy. Before operation, the hemo- 
globin was 55 per cent.; red count, 2,844,000. The patient was first 
transfused for thirteen minutes before operation (Chart 1). The pulse 
was 135, systolic blood pressure 98, diastolic 40. At the end of trans- 
fusion, the pulse had fallen to 122, and the blood pressure had increased 
to 110 systolic, 60 diastolic. A rapid nephrectomy was performed, 
toward the end of which hypodermoclysis was started. A half hour 
after completion of the operation, the systolic blood pressure was 60, 
diastolic 35, and pulse 180. He was transfused a second time from a 
second donor, for eighteen minutes, after which the pulse fell to 135, 
and the blood pressure rose to 80 systolic, and 45 diastolic. Hypo- 
dermoclysis and supportive therapy were continued in this case, and the 
patient made an uneventful recovery. Here, too, a typical citrate 
reaction might have proved fatal. 


CONCLUSION 

We wish to emphasize the fact that in indirect transfusion, and 
particularly in citrate transfusion, there are chemical and _ biologic 
changes in the blood, and it seems probable that the reactions which 
often follow this method of transfusion are due to these changes. These 
reactions are sometimes very severe, and occasionally cause death. In 
the series of twenty-four cases of direct transfusion, which comprise 
all of the transfusions we have performed during the last eighteen 
months, there has been no reaction. 
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I, INTRODUCTION 


In 1918 one of us found that, after removing a tumor of the ulnar 
nerve, there was such a large gap that it was impossible even by trans- 
planting the nerve into a new bed and flexing the arm to get the two 
ends together. He, therefore, implanted the central and peripheral 
ends into longitudinal slits in the median nerve with the idea of using 
the nerve as a bridge. The nerve regenerated perfectly. 

The research herewith reported was undertaken to determine the 
best method of repairing an injured peripheral nerve when an end-to- 
end suture was not possible. The advantage of a cable autotransplant 
as compared with a homotransplant or heterotransplant has been so 
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completely worked out by Huber * and his co-workers that we saw no 
purpose in repeating their work. We saw certain possible objections, 
however, to this method which prompted us to investigate other 
methods for bridging defects in peripheral nerves. Our experiments 
have been carried on over a period of two years. The cases were 
studied both anatomically and physiologically. 


We will not discuss the literature on this subject. The most 
important work bearing on this subject has been done by Huber,? Howell 
and Huber,’ Joyce,‘ Kilvington,® Osborne and Kilvington,® Kirk and 
Lewis,’ Langley and Hashimotto,* Ranson,’ Spiller, Frazier and Van 


10 


Kaathoven,!® and Von Hofmeister." 













Il. METHODS USED IN THIS RESEARCH 





1. Technic——Dogs were used for all the experiments. The animals 
were always operated on under general anesthesia. In each case the 
sciatic nerve and its branches were used. Care was taken to have a 
loodless field, to handle the nerves as little as possible and then only 
yy the perineural sheath. The nerves were cut with a razor blade 
ind handled with fine mouse tooth forceps. The sutures throughout 
were of silk, either blood vessel silk or one strand of split No. A silk, 
threaded on a No. 10 cambric needle. The sutures were passed only 
hrough the perineural sheath. Bleeding from the cut end of the nerve 






1. Huber, G. C.: Repair of Peripheral Nerve Injuries, Surg., Gynec. & Obst. 
30:464 (May) 1920. 
2. Huber, G. C.: A Study of the Operative Treatment for Loss of Nerve 


Substance in Peripheral Nerves, J. Morphol. 11:630-733, 1895. 

3. Howell and Huber: A Physiological, Histological and Clinical Study of 
the Degeneration and Regeneration in Peripheral Nerve Fibers After Severance 
of Their Connection with the Nerve Centers, J. Physiol. 13:335, 1892; ibid. 
14:1, 1893. 


4. Joyce, J. L.: A Study of a Series of Peripheral Nerve Injuries from 
a Surgical Aspect, Brit. J. Surg. 6:418 (Jan.) 1919. 
5. Kilvington, B.: An Investigation on the Regeneration of Nerves, Brit. 
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6. Osborne and Kilvington: Central Nervous Response to Peripheral Nervous 
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Transplantation in Treatment of Cerebral, Spinal and Peripheral Nerve Palsies, 
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Beitr. z. klin. Chir. 96:329, 1915. 











316 ARCHIVES OF SURGERY 


was controlled either by cotton pledgets soaked in warm saline or by 
the injection of warm saline into the nerve. Nerve tissue was always 
approximated to nerve tissue, and all foreign material as far as possible 
was kept out of the path of the regenerating fibers. 

In many experiments absolute alcohol was injected into the end of 
the nerve to determine its effect on the various types of repair and 
neuroma formation. 


2. Methods of Repair—A number of different methods were tried, 
such as tubes of foreign bodies and of fascia, but all were discarded 
except the three following: 

(a) Anastomosis of the central and peripheral ends of an injured 
nerve into longitudinal incisions in a normal nerve. These longitudinal 




















Fig. 1.—Anastomosis of the central and peripheral ends of an injured nerve 
into longitudinal incisions in a normal nerve. 


incisions were each about 6 mm. long and as nearly as possible in the 
same quadrant of the nerve. When the nerve to be implanted had 
a neuroma on its end from a previous operation, it was cut back until 
normal looking axis cylinders were exposed. The ends of the nerve 
were then sutured into the longitudinal slits and held in place by sutures 
passed through the perineural sheaths. This type of suture is illustrated 
in Figure 1. The peroneal nerve was cut and sutured into the t*bial 
nerve in each case (eighteen experiments ). 

(b) Anastomosis of the central and peripheral ends of an injured 
nerve to flaps cut in the same quadrant of a normal nerve (Fig. 2). 
The peroneal nerve was cut and sutured to flaps in the tibial nerve. 
Three sutures were used at each line of suture (fifteen experiments). 
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Fig. 2—Anastomosis of the central and peripheral ends of an injured nerve 


to flaps cut in ihe same quadrant of a normal nerve. 

















Fig. 3—Autotransplant of half of the central end of the injured nerve, 


the removed segment being just long enough to bridge the defect. 
is completely excised. 


Portion C 
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(c) Autotransplant of half of the central end of the injured nerve, 
the segment removed being just long enough to bridge the defect (auto- 
autotransplant) (Fig. 3). From three to four sutures were used at 
each suture line (sixteen experiments). A few end-to-end sutures and 
a few cable autotransplants were performed as controls. 

In three experiments the nerve was cut and allowed to fall back 
into its former bed without any attempt to bring the ends together. In 
two of these experiments absolute alcohol was injected into the central 
end to test its influence upon neuroma formation. 

3. Physiologic Tests ——Following the operations the nerves were 
exposed at varying intervals, ranging from three days to five months, 
and tested physiologically to determine any signs of regeneration. The 
animals were always anesthetized for these tests. The tests consisted 
of stimulating the nerve centrally and peripherally to the point of repair 
with small platinum e'ectrodes attached to a faradic coil. A current 
just strong enough (threshold current) to cause a response in a normal 
nerve was used. The nerve during the stimulation was raised from its 
bed so that it was separated from all surrounding tissues to avoid 
spread of the current. Two responses were looked for: a peripheral 
one which consisted of contractions of the muscles, and a central one 
which consisted in the reflex stimulation of respiration recently described 
by one of us (Malone).'* In the accompanying tables these two types 
of response are referred to as peripheral and central response. 

In some cases each muscular branch of a nerve was isolated and 
muscular contractions were noted when each of these nerve branches 
was stimulated. In a few experiments, chronomyometer '* tests were 
applied to the muscles before the nerve was exposed. 


4. Anatomic Methods.—Following the physiologic tests the animals 
were killed and the gross appearance of the nerve noted. The nerve was 
then removed; a diagram was made of it; it was stained in silver 
pyridin ® and examined microscopically. Some of the specimens were 
cut from 5 to 10 microns thick in cross-section, others longitudinally. 
Every fifth section was mounted so that nerve fibers could be traced 
systematically and these series of slides enabled us to visualize the 
reconstructed nerve. A few series were stained with Marchi, cut 
longitudinally and studied serially. 


12. Malone, J. Y.: A Method of Determining the Early Regeneration of 
Nerve Fibers at Operation, Arch. Surg. 3:634 ( Nov.) 1921. 

13. Sachs, E., and Malone, J. Y.: A More Accurate Clinical Method of 
Diagnosis of Peripheral Nerve Lesions and of Determining the Early Recovery 
of a Degenerated Nerve with Report of Cases and Experimental Data, Arch. 
Neurol. & Psychiat. 7:58 (Jan.) 1922. 
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III, RESULTS WITH DIFFERENT TYPES OF REPAIR 


In Table 1 are summarized the results of the eighteen experiments in 
which the two ends of the nerve were implanted into an adjacent nerve. 
The results in this type of experiment may be considered under two 
headings, physiologic and histologic. 

(1) Physiologic—(a) The distance from the point of anastomosis 
to the muscles innervated by the injured nerve was from 10 to 14 cm. 
Regeneration was complete as indicated by the muscular response in 
every case by the ninetieth day. This would make the average rate of 
regeneration approximately 1 cm. per week. Though the nerve has a 
normal physiologic response at the end of ninety days, histologically, 
it does not have the appearance of a normal nerve. The clear spaces 
about the axis cylinders that are seen in a normal nerve are not present ; 
instead, this space appears filled by a pale greenish staining homogene- 
ous mass in the silver pyridin specimens. We presume this substance 
is preformed myelin. 

(b) Complete regeneration occurred irrespective of the distance 
between the two ends of the implanted nerve. This distance varied 
from 1 to 6 cm. When the distance between the two ends was from 
1 to 2 cm., regeneration seemed to occur a week or two sooner than 
when the interval was from 5 to 6 cm. The explanation for this 
observation is not perfectly clear. It may be that the number of fibers 
growing from the normal nerve into the implanted nerve are not 
sufficient to give an early reaction or it may be that the fibers growing 
from the central end of the injured nerve do not reach the peripheral 
end so soon. The latter is just what one would expect, for they have 
from 3 to 4 cm. farther to grow. 

(c) Regeneration occurs almost as rapidly in cases of secondary 
sutures performed two months after an injury as in those performed 
immediately after an injury. 

(d) In experiments in which the distance between the central and 
peripheral ends of the implanted peroneal nerve was but from 1 to 2 
cm. and in which complete regeneration had occurred, stimulation of 
the central end of the peroneal nerve produced good contractions of the 
muscles innervated normally by the peroneal nerve and often a weak 
contraction of a muscle innervated by the tibial nerve. The longer the 
gap, however, the more frequently did muscles contract which were 
supplied by the tibial nerve, in addition to those supplied by the peroneal 
nerve. This indicated clearly that some peroneal fibers had grown 
down the tibial nerve as well as down the peroneal. In order to prove 
this positively, the following experiment was tried. After complete 
physiologic recovery had occurred in one of the implants of the peroneal 
nerve into the tibial nerve, the tibial nerve proximal to the implantation 
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of the peroneal nerve was cut. After eighteen days, tests were made and 
it was found that the peroneal muscles responded actively while the 
muscles supplied by the tibial nerve also responded, but weakly. This 
physiologic evidence indicated that some peroneal fibers had grown 
down the tibial nerve. This was confirmed histologically for sections 
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Fig. 4—Longitudinal section of peroneal nerve peripheral to implantation, 
showing large number of axis cylinders. 


of the peroneal nerve showed a nearly normal number of axis cylinders 
( Fig. 4), while the tibial nerve showed but a few axis cylinders (Fig. 5). 

(e) Stimulation of the tibial nerve central to the peroneal anasto- 
mosis produced strong contractions of the tibial group of muscles and 
weak contractions of the peroneal group. From this and the foregoing 
observation, it is apparent that fibers grew from the tibial into the 
peroneal and vice versa. 
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In order to demonstrate that complete regeneration had occurred 
to every muscle, the various branches of the tibial and peroneal nerves 
were isolated and stimulated. The muscles responded just as vigorously, 
irrespective of the origin of their nerve supply. 

(f) In all cases in which a muscle contraction occurred, the 
respiratory response described by one of us recently (J.Y.M.) was also 
present. This respiratory response was also present in all cases in which 
the axis cylinders had grown through the nerve block, even though 
the fibers had not yet grown down to the muscles. 











Fig. 5.—Longitudinal section of tibial nerve peripheral to anastomosis show- 
ing very few axis cylinders. Figures 4 and 5 are from a case of double 
implantation of peroneal nerve into tibial nerve; complete regeneration at end 
of five months; tibial nerve cut central to anastomosis eighteen days before 
specimen removed; all fibers in Figures 4 and 5 that did not degenerate must 
have had their origin from the central end of the peroneal nerve. 


2. Histologic.—It is difficult to trace funiculi down a nerve; but this 
can be done quite satisfactorily in serial sections. The difficulty arises 
from the fact that at every suture line the fibers form whorls, especially 
at the central point of anastomosis. We have found, however, that 
peroneal fibers grew down the tibial nerve (Fig. 6); and when they 
reach the point where the distal end of the peroneal nerve had been 
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implanted, some fibers grew into the tibial and some into the peroneal 
nerves. By the study of osmic acid preparations, it was possible to 
trace fibers from the central end of the peroneal nerve through the 
tibial nerve out into the peroneal nerve. The longer the gap between 
the two ends of the peroneal nerve, the more do tibial fibers grow into 
the peripheral peroneal. This we believe is explained by the fact that 
they are “the first on the ground,” that is, they originate from the 
injury of the tibial nerve at the distal implantation of the peroneal and 














Fig. 6—Point of anastomosis where the central end of the peroneal nerve 
(A) was implanted into the tibial nerve (B). 


have filled up many of the axis cylinder spaces before the fibers from 
the central peroneal nerve get there. 

At the point of suture, axons are seen passing into funiculi and 
also between them. There are far more axons at the point of anastomosis 
than in the normal nerve above the site of anastomosis, and grossly 
the nerve was larger at these points. There is also an excess of fibers 
distal to the anastomosis for about three months (Fig. 7); but at the 
end of five months (Fig. 8), the number of fibers had been reduced to 








324 ARCHIVES OF SURGERY 


about normal. This overproduction of axons merely corroborates 
Osborne and Kilvington’s® and Ranson’s ® observations that the grow- 
ing point of an axon may split into several fibrillae, but evidently the 
unused fibrillae degenerate later. 

Results After Double Anastomosis to Flaps Cut into a Normal 
Nerve.—In this series, fifteen experiments were performed (Table 2). 
The results were essentially the same as those in the first series and were 
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Fig. 7—Part of peroneal nerve distal to suture showing regeneration of 
nerve after a double implantation at end of three months, and the excess of 
axis cylinders and the absence of medullary sheaths. At this stage the physiologic 
response of this nerve was normal; magnification same as in Figures 8 and 9. 


about as good. There were two notable differences. First there was 
more bulb formation at the site of anastomosis and more whirling of 
axons, but not enough evidently to interfere with regeneration; and, 
secondly, there was less crossing of peroneal fibers into tibial and tibial 
into peroneal. 

Results of Autotransplant of a Segment of Half of the Central 


Portion of the Injured Nerve into the Gap.—There were sixteen experi- 
ments in this series which are recorded in Table 3. 
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1. Physiologic—(a) As judged by the return of function, complete 
regeneration was observed about as rapidly as after the other methods 
of repair (ninety days). 

(b) The central physiologic response was always present by the 
sixtieth day after the suture. How much earlier than this it was present 
we were unable to determine in this series as none of the nerves were 
tested physiologically before that time, except three and ten days after 
repair, when it had not yet appeared. 




















Fig. 8.—Cross-section of tibial nerve distal to auto-autotransplant five months 
after repair; all the medullary spaces are filled with axis cylinders but there 
is no excess of axis cylinders as in Figure 7. 


(c) Peripheral response when it did appear was as active in one 
branch as in another, showing that regeneration was occurring through- 
out the nerve. 

2. Histologically —Axis cylinders grow from every point where they 
have been cut; but most of the fibers that get to the peripheral portion 
of the nerve grow through the autotransplant from those axis cylinders 
which lie in direct contact with the transplant. Some of the fibers grow 
down between the funiculi of the autotransplant and reach the peripheral 
end of the nerve. Some fibers were observed growing from the central 
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end of the nerve from which the autotransplant had been removed. 
These fibers grow along the nerve as well as the transplant and reach 
the peripheral end of the nerve; but as there is some neuroma forma- 
tion at that point, many of the axons never get through. Cross-sections 
were taken from the nerve where the transplant had been removed 
(Fig. 3b), from the transplant c and both were compared with cross- 
sections through a and d. These showed that the number of axis 
cylinders in the transplant was far greater than in half the original 
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Fig. 9.—Cross-section of peroneal nerve central to double implantation show- 
ing the appearance of a normal nerve with well formed medullary spaces and 
large number of nonmedullated fibers. 


nerve, and, though not actually counted, approximated the number of 
axis cylinders in the normal nerve. All the medullary tubes in the 
peripheral portion of the nerve after complete regeneration has taken 
place are completely filled with axis cylinders (Fig. 8). There is a 
marked overproduction of axis cylinders, for some of the medullary 
tubes contain several axis cylinders, and in some cases as many as five. 
This overproduction is striking at the end of three months; but when 
such nerves are studied after a five months’ period, the nerve looks nor- 
mal, and evidently the surplus number of axons have disappeared. As 
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was to be expected, a moderate amount of neuroma formation was 
observed both at the point where the transplant was removed and also at 
the distal suture line. A most interesting finding has been that nerves, 
when they first give a normal physiologic response after regeneration, 
histologically do not look normal (Figs. 7 and 9). The clear medullated 
sheaths are not present; but from six to eight weeks after that, such a 
nerve looks normal. This would indicate clearly that a motor nerve 
may functionate before it has regained its normal histologic appearance. 

IV. DISCUSSION 


OF THE 


FOR 


MERITS OF VARIOUS TYPES OF OPERATION 
BRIDGING NERVE DEFECTS 


Our work has convinced us that any type of tissue other than nerve 
tissue used to bridge a nerve defect is, as a rule, unsatisfactory. This 
is merely confirmatory of what other observers have noted. 


TABLE 4—Primary ENp-tTo-ENp SUTURE 

















Days Physiologic Response Histologic 
Experi- | Between 
ment Repair - -- — 
No. and 
Exami- Peripheral Central Macroscopic Microscopic 
nation 
33 20 Not tested Not tested Little searring or | Regeneration complete 
bulb through suture line and fair 
2 em. distal 
93 32 Negative Pos. 2 em. Little scarring and | Regeneration partial 4 cm, 
distal to small bulb distal to suture line 
suture line 
89 150 Positive Not tested Little scarring and | Regeneration complete 
small bulb 
69 157 Positive Negative Little searring and Regeneration complete 6 cm. 
(anesthetic small bulb distal (not studied farther); 
deep) some tendency to neuroma 
formation at suture line 
73 161 Positive Positive Little scarring and | Regeneration complete 
small bulb 
91 240 Positive Not tested Little searring and | Regeneration complete, some 


small bulb 


neuroma formation at su- 





ture line 





The type of repair that is most satisfactory for bridging defects so 
large that end-to-end anastomosis is not possible is the implantation of 
the central and peripheral ends of the nerve into an adjacent healthy 
nerve. Such a procedure in dogs gave a very satisfactory result and 
did not interfere with the function of the healthy nerve. When the 
gap was 2 cm. or less many fibers from the central end grew into the 
peripheral end of the nerve. The larger the gap, the fewer fibers from 
the central end grew into the peripheral end; but some could always be 
traced into the peripheral stump and also into the normal nerve. As the 
maximum source of new axis cylinders is always desirable, this pro- 
cedure should always be followed regardless of the size of the gap. 
There are two conditions in which the double implantation method is 
impracticable. One of these is encountered when the severed nerve is 








330 ARCHIVES OF SURGERY 


larger than the nerve into which an implantation could be made. The 
other condition occurs when there is no adjacent nerve available. In 
both these cases the method of auto-autotransplant is preferable. 

The second type of anastomosis we have described has no advantages 
over the foregoing, either as to rate of regeneration, completeness of 
recovery or central fibers connecting with the distal end. It has the 
great disadvantage that much more injury is done to the normal nerve 
and there is more tendency to neuroma formation. 

The method of auto-autotransplant described in this communication 
has the advantage that no normal nerve has to be destroyed and that it 
can all be carried out in one operative field. The results, in dogs, seem 
at least as good as those obtained by Huber’s? autotransplant. 


V. GENERAL CONSIDERATIONS 


In every type of nerve suture, no matter how perfect the approxima- 
tion is, there are whorls as the fibers grow out, so that corresponding 
fibers do not join, consequently some reeducation is always necessary. 
The objection that one might expect would be raised to the removal 
of part of a nerve is that certain funiculi going to certain muscle groups 
would thereby be injured or destroyed. The existence of internal 
plexuses in nerves, which has been the thesis of the work of Dustin," 
Heinemann,'® Langley and Hashimotto,* and most recently McKinley,’® 
disposes of this objection. 

Our experiments lend support to this contention. Cross-sections of 
the sciatic nerve trunk, taken at 3 mm. intervals, showed a variation 
in the number and size of the funiculi. This variation in number was 
as follows: three, seven, seven, four, three. Cross-sections of the 
posterior tibial nerve of a man were shrunk to such an extent by the 
fixative that accurate counts were not possible; but here also a marked 
variation in the number of funiculi at different levels was noted. 

As further evidence bearing on this question we wish. to point out 
that after cutting about one third of the diameter of the tibial nerve 
all the muscles supplied by the nerve reacted when each nerve branch 
to each group of muscles was stimulated. Whether there was any 
sensory impairment, of course, could not be determined on animals. 
Furthermore, a cross-section of the nerve below the point of section 
studied after degeneration was complete showed that the degenerated 


14. Dustin, A. P.: Les lesions post traumatiques des nerfs contribution 
a l’histopathologie du systeme nerveux peripherique chez homme, Ambulance de 
“L’Ocean,’ La Panne Extrait du fascicule Il, December, 1917. 

15. Heinemann, O.: Weitere Untersuchungen tiber den inneren Bau der 
grossen Nervenstamme, Arch. f. klin. Chir. 109:121, 1917. 

16. McKinley, J. C.: The Intraneural Plexus of Fasciculi and Fibers in the 
Sciatic Nerve, Arch. Neurol. & Psychiat. 6:377 (Oct.) 1921. 
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fibers were scattered throughout the nerve and did not occupy one por- 
tion of the nerve as they should have if the fibers travel down a nerve 
in the same sector. 

Secondary sutures made several months after injury are as successful 
as primary sutures if the funiculi are brought into perfect approxi- 
mation without a connective tissue barrier. The physiologic recovery 
vas somewhat slower than in a primary suture. We have been unable 


determine any reason for this. 























Fig. 10.—Silk suture with regenerated axis cylinders passing between the 


strands of silk: A, silk; B, axis cylinders. 


Injection of absolute alcohol into the cut end of a nerve reduced 
the tendency to neuroma formation in two experiments and to some 
extent in a third; but we were unable to obtain a picture similar to 
that obtained by Lewis and Huber * in rabbits. Our observations tend 
to show that the injection of absolute alcohol does not completely pre- 
vent neuroma formation, though it does inhibit it. Injection of alcohol 
into the nerve trunk at the site of suture with the idea of preventing 
neuroma formation seemed of no value, though it did not interfere 


17. Lewis, Dean, and Huber, G. C.; Amputation Neuromas: Their Develop- 
ment and Prevention, Arch. Surg. 1:85 (July) 1920, 
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with the process of regeneration or prolong this process. The distor- 
tion of axons and interference with their growth at the site of suture 
is due to those factors that have been emphasized in the publications 
that have appeared in the last few years. Connective tissue is the 
great obstacle, and anything that may increase the formation of scar 
tissue is to be avoided. Occasionally, in the larger human nerves, 
bleeding from a small vessel is very troublesome and cannot be stopped 
by the application of heat. In such cases, rather than leave a fine 
ligature in the center of the regenerating nerve, we have for some 
years distended the end of the nerve with salt solution. Another and 
most important factor in getting good regeneration is the accurate 
approximation of the nerve ends so that the exposed nerve ends come in 
contact. To accomplish this most perfectly, sutures, as far as possible, 
should be placed in the perineural tissue and not through the fasciculi. 
We are convinced that sewing individual fasciculi together is a physical 
impossibility as well as not being absolutely necessary. In this connec- 
tion, it may be well to emphasize again that extremely fine silk heals 
in with far less reaction than does catgut. It is quite astonishing to 
note that the reaction about silk is so slight that frequently axons can 
be seen growing between the strands of a silk ligature (Fig. 10). 


SUMMARY AND CONCLUSIONS 


1. Three methods of bridging defects in nerves have been studied 
by a combination of physiologic and histologic methods. 

2. It has been shown that nerve fibers will grow down the trunk of 
a healthy nerve through a longitudinal incision without impairing its 
function and part of the fibers connect up with the peripheral end. It 
is, therefore, of distinct advantage to implant the central end of a cut 
nerve as well as the peripheral end. 

3. On account of the branching of regenerating fibers, enough axons 
are produced when a nerve is cut longitudinally to fill the sheaths in the 
implanted nerve, indicating that in a nerve anastomosis, an end-to-side 
implantation is perfectly satisfactory. This confirms our clinical 
experience. We have for years practiced this method of anastomosis in 
faciohypoglossal anastomosis. 

4. The test described by one of us (Malone) for determining that 
nerve fibers have grown across a point of suture has proved a valuable 
aid in determining at an early date whether or not a nerve is 
regenerating. 

5. The study of cross-sections of nerves as well as the results follow- 
ing the method of auto-autotransplant described in this paper throw 
doubt on, and we believe disprove, the contention that peripheral nerves 
have an internal topography as maintained by Stoffel. 
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6. Though absolute alcohol may inhibit to some extent the forma- 
tion of neuromas, it does not absolutely prevent them. 

7. The most important factor in a successful nerve anastomosis is the 
accurate approximation of the nerve ends so that there is no tissue 
between them which may interfere with the regeneration of the fibers. 
Every effort, of course, should always be made to bring them together 
in their original anatomic relation ; but, owing to the presence of internal 
plexuses in nerves, it is not so essential as has been supposed heretofore. 
Whenever a nerve regenerates, whorls are formed at the regenerating 
end, consequently the central end of a fiber does not necessarily connect 
with its corresponding peripheral end. 

8. The method of auto-autotransplant described*in the foregoing 
pages for bridging defects too long to permit of an end-to-end anas- 
tomosis is to be preferred to cable autotransplants because no normal 
nerve has to be injured and the operation can be carried on in one field. 

9. The method of ch« ce for bridging large defects whenever possible 
is the double implantatic ; method of anastomosis. Its advantage over 
the auto-autotransplant lies in the fact that some axis cylinders have 
only one suture line to grow through, while in the auto-autotransplant 
they all have to go through two suture lines. 











PREOPERATIVE TREATMENT OF MALIGNANT 
TUMORS OF THE BLADDER BY RADIUM 
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Fellow in Urology, the Mayo Foundation 
AND 
W. F. BRAASCH, M.D. 
Section on Urology, Mayo Clinic 


ROCHESTER, MINN. 


In many instances, the most desirable results in treating malignant 
tumors of the bladder are obtained by a combination of surgery and 
the use of the minimal quantity of radium that will effectually limit 
further activity of the malignant cell. Russ and Chambers,’ in 1913, 
showed that long periods of radiation killed the cells of transplanted 
rat tumors, which then were absorbed rapidly. After a shorter radia- 
tion, even though the grafted tumor failed to develop, the cells remained 
at the site of inoculation for a long time, but their capacity for 
proliferation was diminished. Wassermann? exposed extirpated rat 
cancer to radium rays from mesothorium and inoculated the cancer into 
susceptible animals, but growths did not result. He asserted that the 
death was nuclear, not cellular; the proliferating power of the cell was 
destroyed but the cell was not killed. Price * found that after mouse 
tumors had been exposed to radium, the power of cell division was 
incomplete, as was shown by the decrease in the number of mitotic 
figures. Prime‘ believes that the inability of inoculated fragments to 
grow depends to a certain extent on the failure of the nucleus to per- 
form the usual steps preliminary to division. In irradiated tissue, multi- 
nucleated cells (those with division of nuclei but not of cytoplasm) 
were not found, but rather cells with nuclei many times larger than 
that of the normal cell. Prime concludes that radium in sufficiently 
large doses will injure the nucleus of the cell and so inhibit further 
division, which must eventually result in the death of the cell. 

It is probable that mitotic figures have a direct bearing on the 
recurrence of malignant growths and the successful transplantation of 





1. Russ, S., and Chambers, Helen: On the Action of Radium Rays upon the 
Cells of Jensen’s Rat Sarcoma, Proc. Roy. Soc. London, B 86:482-489, 1913. 

2. Wassermann, A.: Analyse der Wirkung radioaktiver Substanzen auf 
Mausekrebs, Deutsch. med. Wcehnschr. 40:524-528, 1914. 

3. Price, J. C., and Mottram, J. C., quoted by Prime, F.: Observations upon 
the Effects of Radium on Tissue Growth in Vitro, J. Cancer Res. 2:107-130 
(April) 1917. 

4. Prime, F.: Footnote 3. 
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the cells. Evans ® studied the relationship between mitotic figures and 
malignancy in uterine myomas and found that only from tumors con- 
taining large numbers of mitotic figures were the cells able successfully 
to invade the tissue and recur after the removal of the original growth. 

Radium is usually employed in the form of radium salt, in which 
the beta rays are filtered out and the gamma rays alone used. The 
limited range of the beta rays, from 6 to 8 mm., permits them to be 
effective only in exceptional cases, in which they usually are screened 
off in order to prevent destruction of the tissues intervening between 
the capsule and the point of irradiation. The beta rays, being many 
times more numerous than the gamma rays, are extremely effective 
at short range. They have a correspondingly greater ionizing force 
over a very limited area. In unscreened radium, the beta rays are 
filtered out by the adjacent tissue, over which they exert an extremely 
destructive influence. Wood and Prime® have shown that if pure 
gamma rays only are used, the exposure necessary for cellular destruc- 
tion is eight times as long as that required when gamma and beta rays 
combined are employed. Wedd and Russ‘ found that excised tumors 
irradiated one hour with 5 mg. of unscreened radium rays do not pro- 
liferate on transplantation, but that an exposure of eighteen hours to 
gamma rays alone from 5 mg. of radium is insufficient to inhibit such 
growth. 

3y burying tubes containing unscreened radium emanation directly 
in the growth, these highly effective beta rays may be utilized. Jane- 
way *® asserts that 100 per cent. of radium efficiency may thus be 
directed against the tumor. By employing the numerous beta rays, 
small amounts of radium become very effective. The tubes permit 
accurate, measured distribution of the radium rays, and thus, with the 
short range of the extremely active beta rays, an exceptionally high 
dosage may be employed without damage to normal tissues. Bagg ® 
planted emanation points in rat tumors and found that they produced 
areas of necrosis about 1 cm. in diameter which were practically 
uniform for varying amounts of the emanation. 


5. Evans, N.: Malignant Myomata and Related Tumors of the Uterus, 
Surg., Gynec. & Obst. 30:225-239 (March) 1920. 

6. Wood, F. C., and Prime, F.: The Action of Radium on Transplanted 
Tumors of Animals, Ann. Surg. 62:751-765, 1915. 

7. Wedd, B. H., and Russ, S.: The Effect of Roentgen and Radium Radia- 
tions upon the Viability of the Cells of Mouse Carcinoma, J. Path. & Bacteriol. 
17:1-11, 1912. 

8. Janeway, H. H.: Treatment of Cancer, Particularly of the Tongue, Tonsil 
and Rectum, by Buried Emanation, Am. J. Roentgenol. 6:92-101 (Feb) 1920. 

9. Bagg, H. J.: The Action of Buried Tubes of Radium Emanation upon 
Normal and Neoplastic Tissue, Am. J. Roentgenol. 7:536-544 (Nov.) 1920. 
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Radium is most commonly employed in the treatment of surface 
growths, especially of the skin, breast, and cervix. Tumors of the 
deeper structures, especially malignant growths of the stomach and 
urinary bladder, have not been considered suitable for radium treat- 
ment. 


Certain types of tumors of the bladder respond to excision, others 
offer an extremely poor prognosis. Owing to the difficulty of completely 
eradicating the tumor and its frequent cellular transplants, recurrence 
is early and extensive. This is particularly true of the solid meaty 
epitheliomas commonly occurring in the base of the bladder. Small 
infiltrating wedges of actively malignant cells, which project down 
through the muscle bundles, are often cut across when a portion of the 
bladder wall is excised. The undisturbed clumps of cells remain in the 
normal tissue, act as foci, spread rapidly and extensively, and often 
attain an inoperable size shortly after operation. Since epithelial tumors 
of the bladder rarely metastasize, patients who die from malignancy of 
the bladder usually succumb because of the local condition. Any 
procedure that would aid in effectually eliminating the local condition 
would in many cases cure the patient. Tumors recurring in patients 
who return at three-month intervals after operation, in response to 
follow-up letters, are generally small and respond readily to intravesical 
manipulation. 

There are several types of instruments for the endovesical appli- 
cation of radium to tumors of the urinary bladder. In some cases in 
which the tumor is situated in the base of the bladder, it is possible 
to plant radium needles directly in the tumor through the perineal 
tissues, as in the treatment of malignant disease of the prostate. 
Young *?° has described a method for applying radium in the capsule to 
the tumor under actual vision. Woolston™ has devised an apparatus 
whereby the radium may temporarily be fastened to the malignant area. 
Both Lewis ** and Janeway have described instruments by means of 
which tubes of emanation may be planted directly in tumors. 

By direct cystoscopy, any type of needle may be used if it is 
sufficiently long to pass through the lumen of the instrument and con- 
tains a movable stylet or plunger. The majority of vesical tumors are 
directly in line with the urethra, being situated on the base, dome, or 


10. Young, H. H.: Cancer of the Prostate, in Cabot, Hugh: Modern Urology 
in Original Contributions by American Authors, Philadelphia, Lea & Febiger, 
1918, vol. 1. 

11. Woolston, W. H.: An Instrument for the Application of Radium to 
Tumors of the Bladder, Surg., Gynec. & Obst. 31:627-629 (Dec.) 1920. 

12. Lewis, R. M.: Apparatus for Implantation of Radium Emanation Points, 
Surg., Gynec. & Obst. 30:528 (May) 1920. 
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posterior or lateral walls, where they may be reached with a straight 
needle. The anterior wall and sphincteric area are rarely involved, 
usually only in diffuse or inoperable cases. 

Flat, infiltrating tumors, which so readily recur, are treated at the 
Mayo Clinic with radium emanation prior to operation. Small amounts 
of the element are used with the idea, not of completely destroying the 
growth, but of diminishing the capacity of the cell for proliferation. 
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Fig. 1—Application of radium emanation points through the Braasch direct 
vision cystoscope. 


This is done in an attempt to inhibit early recurrences from segments 
not removed and to prevent reimplantation of cells freed during the 
excision of the tumor. 

The patient is given a cystoscopic examination with a direct vision 
instrument ; the basal opening of the cystoscope is placed on the tumor 
and the eye-piece detached. This allows the water free exit, following 
which the contraction of the bladder firmly implants the tumor against 
the open end of the instrument and holds it in place until the point 
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of the radium needle can be inserted and the tube driven into the 
growth. The bladder is then refilled with water and a second area of 
the tumor localized. This procedure is repeated until the tubes of 
emanation have been studded throughout the growth, on an average of 
about one to every square centimeter of tumor tissue. Tubes containing 
approximately 1 millicurie have been found the most satisfactory 
(Figs. 1 and 2). 

The case histories reported illustrate the technic, indicate the 
amounts of radium used, and record the immediate results obtained. 
Sufficient time has not elapsed since the patients were first treated to 
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Fig. 2 (Case 1).—Resected carcinoma of the bladder; areas of destruction 
around the radium emanation tubes. 


justify any statement concerning the efficiency of the treatment. It is 
not held that these changes result from the action of radium rays alone, 
but merely that they are a sequence of radium irradiation. 


REPORT OF CASES 


Case 1 (A 352196).—J. McL., man, aged 63, came to the clinic in March, 
1921, with a complaint of intermittent pyuria and occasional hematuria dur- 
ing a period of ten years. During the eight months before examination, he 
had lost 14 pounds (6.4 kg.). 

Cystoscopic examination revealed a flat, irregular mass, 2.5 by 4 cm., on the 
posterior wall of the bladder. A specimen was removed for examination and 
800 mg. hours of radium emanation in six tubes was inserted in the tumor. 
The removed portion proved to be papillary carcinoma. The cells were regular 
in outline, but varied in size and shape. 














SCHOLL-BRAASCH—BLADDER TUMORS 339 

At operation twenty days later, a small, fibrous, ulcerated epithelioma was 
resected from the posterior wall. The suprapubic wound healed completely 
in ten days. 

Histologic examination of the tumor removed at operation revealed extreme 
fibrosis. The bulk of the growth was composed of necrotic and fibrous tissue 
with numerous thin-walled, newly formed blood vessels. A number of emana- 
tion tubes were found still embedded in the tumor, around several of which 
necrosis extended for a distance of 8 mm. The few malignant cells found 
were extremely large and granular, a number of them showing extensive hyaline 
degeneration. The whole structure gave evidence of an intensive reaction. 
Some cells were small, with pyknotic nuclei, others were extremely large, 
newly formed, and atypical (Figs. 3, 4 and 5). 

Case 2 (A 369414).—W. A. N., man, aged 57, came to the clinic in August, 
1921, on account of intermittent hematuria, of two years’ duration. 





Fig. 3 (Case 1).—Epithelioma before radium treatment; 350. 


Cystoscopic examination revealed an area, 2 by 2 cm., on the right base. 
The growth was flat and meaty, with an irregular surface. A portion of the 
tumor was removed for examination and 900 mg. hours of radium emanation 
in eight tubes was inserted. The specimen revealed papillary carcinoma; the 
malignant cells were packed solidly together with only a small amount of 
intervening stroma; the nuclei were large, irregular, and prominent, and a 
moderate number of mitotic figures were found (Fig. 6). A second cystoscopic 
examination fifteen days later showed that the mass practically had disappeared. 

At operation, September 12, an ulcer 4 cm. in diameter was excised from 
the bladder wall, which was markedly edematous around the lesion. The 
excised ulcer showed only inflammatory tissue; no evidence of malignancy 
was found. 

Case 3 (A 355403).—F. K. O., woman, aged 47, came to the clinic in April, 
1921, complaining of intermittent frequency and dysuria of ten years’ duration. 
Since 1917, the urinary trouble had been almost constant and she had lost 
50 pounds (22.7 kg.) in the last year. 
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Fig. 4 (Case 1).—Epithelium after radium irradiation; enormously enlarged 
cells; 350. 





Fig. 5 (Case 1).—Epithelioma after irradiation; enlarged cells, vacuolization, 
hyaline degeneration and atypical mitotic figure; >< 350. 
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Cystoscopic examination revealed two solid tumors on the right side of the 
bladder, one 4 cm. and the other 2 cm. in diameter. Six tubes containing 1,600 
mg. hours of radium were inserted in the growth. For several days after the 
insertion of the radium tubes, the dysuria increased and a number of shreds 
of tissue were passed. 

At operation, seventeen days later, a flat ulcerated area, 3 cm. in diameter, 
was found on the right wall and base of the bladder, involving the ureteral 
orifice and penetrating to the peritoneum at one point. The area was com- 
pletely excised, including 5 cm. of the ureter. The remaining portion of the 
ureter was tied and dropped back into the wound. The section removed was 
markedly ulcerated and fibrous. Several emanation tubes were found sur- 
rounded by areas of necrosis and fibrous tissue about 1.5 cm. in diameter. 

On histologic examination, the growth was found to consist of enormous 
malignant cells, most of which were undergoing granular degeneration. The 





Fig. 6 (Case 2).—Epithelioma before irradiation; no evidence of malignant 
cells found at operation after having been treated with radium; X 350. 


majority of these cells were from five to six times larger than nonirradiated 
cells; many of them contained large vacuoles. The increase in the connective 
tissue elements was only slight in comparison with the fibrous overgrowth 
noted in the other cases (Fig. 7). 

Case 4 (A 355232).—D. C., man, aged 64, came to the clinic in April, 1921, 
with a history of urinary frequency of three years’ duration, and almost con- 
stant dysuria, with attacks of hematuria of one year’s duration. 

Cystoscopic examination revealed a mass, 4 cm. in diameter, on the right 
wall of the bladder, involving an orifice. The growth was flat and firm and 
covered with stubby protrusions. One thousand milligram hours of radium 
emanation in five tubes was inserted in the growth. On the fourth and fifth 
days after the insertion of the radium, the patient felt drowsy and had little 


appetite. Several days later, a number of pieces of necrotic tissue were passed 
with the urine. 
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Fig. 7 (Case 3).—Greatly enlarged cells undergoing granular degeneration 
as a result of radium irradiation; * 350. 


Fig. 8 (Case 5).—Distinct cellular outlines with destruction of nuclear sub- 
stance following radium irradiation; x 350. 
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At operation nineteen days after the insertion of the radium, a small, knotted, 
extremely fibrous mass with a necrotic surface was removed. The growth 
involved the right ureter, which was ligated and cut. There was a definite 
radium scar directly above the growth; possibly the normal mucosa had 
approximated the tumor and radium emanations at this point when the bladder 
was empty. The excised area was shrunken, black, and fibrous. Three empty 
emanation tubes were found in the tumor. 

Histologic examination revealed almost complete fibrosis, and in several 
areas, especially around the tubes, necrosis. In a few areas, there were definite 
nests of unchanged malignant cells, well walled off with fibrous tissue. 

Case 5 (A 357784).—M. K., woman, aged 64, came to the clinic in Septem- 
er, 1921, on account of an almost constant hematuria and dysuria of nine 
months’ duration. 


Cystoscopic examination revealed an extensive irregular tumor involving 
the left wall of the bladder and the left orifice. Seven hundred and fifty milli- 


Fig. 9 (Case 5).—Condition following radium irradiation; marked edema of 
a highly cellular epithelioma; 100. 


gram hours of radium in five tubes was inserted in the growth under sacral 
anesthesia. 

Twenty-two days later, a tumor completely involving the left wall was 
resected. The left ureter was ligated and cut, and the renal portion left in 
place. Convalescence was satisfactory. The tumor, which measured 2 by 
4 cm., was flat, with a firm, ulcerated surface. 

Histologic examination revealed epithelioma. The tumor was markedly 
edematous, with only a moderate round-cell infiltration. Connective tissue 
reaction was very slight, and the enormous atypical cells seen in other irradiated 
tumors were absent. Most of the cells retained their regularity of size and 
outline; but there was widespread destruction of the nuclei which were small 
and shrunken in some areas. In most sections, however, the malignant cells 
were recognized merely by their outline, as the nuclei were not visible (Figs. 
8 and 9). 
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Fig. 10 (Case 6).—Wedge of fibroblasts separating groups of enlarged degen- 
erating cells, following radium treatment; > 450. 


Fig. 11 (Case 6).—Extreme fibrosis, splitting up and isolating areas of 
degenerating cells, following radium treatment. The malignant cells are greatly 
enlarged, and becoming hyalinized in places; X 80. 
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Case 6 (A 356999).—F. A. S., man, aged 67, came to the clinic in April, 
1921, on account of dysuria and hematuria which had been almost constant for 
six months. 

On cystoscopic examination, a meaty, circumscribed tumor, 3 by 3 cm. in 
diameter, was found on the right wall, surrounded by an area of bullous edema. 
The growth was flat and circumscribed, and involved the right orifice. Under 
sacral anesthesia, a specimen was removed and nine radium emanation tubes 
totaling 1,100 mg. hours were planted in the growth approximately 1 cm. apart. 
Histologic examination of the specimen revealed papillary epithelioma of a high 
degree of malignancy. The cells were irregular in size and shape, matted 
together with only a small amount of connective tissue, and contained a mod- 
erate number of mitotic figures. 

At operation nineteen days later, a mass 2.5 cm. in diameter was resected 
from the bladder, with the right ureteral orifice and 3 cm. of the right ureter. 
The renal portion of the ureter was ligated and dropped back into the wound. 
[he specimen removed at operation was shrunken and hard. Microscopic sec- 
tions showed extensive fibrosis with many areas of exceptionally large malig- 
nant cells as much as three or four times the size of those found in the section 
removed before irradiation. These large cells generally showed granular or 
hyaline degeneration, with an occasional markedly atypical mitotic figure. 
Numerous small malignant cells with deeply staining shrunken nuclei were 
seen. In some areas, fine strands of fibroblasts passed between the malignant 
cells; in others, thick, fibrous bands, which often followed the connective tis- 
sue remnants of altered papillae, divided the tumor into isolated islands of 
malignancy (Figs. 10 and 11). 


COM MENT 





The most striking feature of irradiated tumors is extreme fibrosis 
which produces extensive walling off, replacement, and destruction of 
the tumor cells. This is preceded by extensive vascularization. The 
malignant cells often showed remarkable changes, including many 
unusual division forms, and marked hyaline and granular degeneration ; 
the majority were obviously incapable of further growth. 

In some cases, the radium rays undoubtedly completely destroyed 
the proliferating power of the cells; but, in a number of tumors, nests | 
of apparently intact malignant cells were found. These cells, generally 
walled off by extreme fibrosis, were, as a result of the exposure to 
radium rays, apparently quiescent at the time of operation. Later, 
when the reaction from irradiation had subsided, they undoubtedly 
would have become active again. The reactivation of these isolated cells 
might well explain the late recurrences of tumors clinically cured by 
radium. On this account, it is advisable to carry out complete surgical 
removal of the tumor-bearing area. Frankl and Amreich ** found that : 
radium and roentgen rays exert a profound influence on malignant cells 
as long as forty days after exposure; cells not completely destroyed 

















13. Frankl, O., and Amreich, I.: The Histologic Changes Incident to 
Radium and X-Ray Treatment of Uterine Carcinoma, Surg., Gynec. & Obst. 
33: 162-163 (Aug.) 1921. 
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showed various forms of degeneration. After a certain period, the 
effect of irradiation subsided, and areas were found in which the cells 
again proliferated rapidly and resembled those present before irradiation. 

Surgical procedures should be carried out about two weeks after the 
insertion of the radium tubes. If delayed longer, there is fusion of the 
normal cleavage planes and extensive edema of the bladder wall that 
increase the technical difficulty of the operation. The desirable fibrosis 
and walling off of tumor tissue does not occur until eight or ten days 
after irradiation. 

The insertion of tubes of radium emanation is a simple procedure 
which may be done at the time of the first examination. The small 
amounts of radium rays are slowly discharged, and very little reaction 
is produced. The emanation tubes give off only about 16 per cent. of 
their energy daily. Most tumors of the bladder are superficially placed ; 
thrombosis of the blood vessels develops early and there is consequently 
only a slight absorption of necrotic or toxic substances. The bulk of 
the growth sloughs off and is passed with the urine. In several cases, 
a few days of general malaise with a slight increase of symptoms 
followed irradiation. 

During the period between the insertion of the radium emanation 
and the operation, the patient is given a daily bladder lavage, which not 
only removes any necrotic s!ough but also reduces infection of the 


bladder, which is often present. This prelinimary washing limits the 


absorption of toxic substances as do drainage and lavage of the 
bladder prior to prostatectomy. An uneventful convalescence is insured 
and the septic complications which occasionally occur after bladder 
operations are prevented. 

Radium has not infrequently been used following operations for 
bladder tumors, but this practice is complicated by disadvantages which 
are not present in preoperative irradiation. In areas recently operated 
on, radium rays destroy the new:y formed capillaries and prevent 
normal tissue healing. Following a resection, the distortion of the 
bladder walls makes it impossible to use radium emanations or to apply 
accurately a capsule containing the radium salt to the involved area. 
When used in the contracted bladder after operation, the radium salt 
occasionally produces lesions of the normal mucosa which are extremely 
painful and of long duration. 

Emanation tubes were used also in several cases of malignant papil- 
loma, but without satisfactory results. Because of the loose structure 
of these tumors, the tubes were not retained in place a sufficient length 
of time to be effective. In the majority of cases in which the emanation 
tubes have been used, the patients have been of advanced age, with 
widespread, highly malignant growths requiring extensive operations. 
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The efficiency of this procedure of preoperative irradiation will be 
determined only after several years, by comparison of this group of 
cases with a similar group requiring the same extensive operative 
interference. At present, it offers an easily applied, effective method 
of radium irradiation that does not reduce the resistance of the patient 

increase the technical difficulties of a complete surgical removal of 

e tumor-bearing area. 


SUMMARY 


Kadium rays administered in small amounts definitely destroy the 
oliferative power of living cells. The activity of the cell is lessened, 
| it passes through a quiescent stage from which it gradually recovers 
the effects of the radium wear off. In many cases, there is destruc- 
n of the nuclei which is accompanied by an atypical cell growth and 
cularization, and later by fibrosis. 

\t the Mayo Clinic, the flat, infiltrating, rapidly recurring type of 
dder tumor is exposed to radium before operation in an effort to 
uce the activity of the malignant cells and prevent operative trans- 
nts and early postoperative recurrences. Tubes of radium emana- 
n are inserted through the direct cystoscope into the substance of 

tumor, which later is removed surgically. Specimens for histo!ogic 
dy are removed from the tumor before irradiation, and _ their 


tologic structure is later compared with that of the surgically 
noved area. In the majority of cases, there is a marked reduction in 
size of the tumor, with a widespread and constricting fibrosis. 

































LEUKOPLAKIA KIDNEY PELVIS 





OF THE 


HERMAN L. KRETSCHMER, M.D. 


CHICAGO 


In a former paper on the subject of leukoplakia of the urinary 
organs, I ' reported a case of leukoplakia of the bladder and lower end 
of the ureter. At that time, a careful review of the literature was 
made and a brief summary was given of the histories of forty-four 
cases that I was able to find in the literature at my command, making a 
total of forty-five cases. 

During the past year, two publications have appeared in which two 
new cases were reported, one by Richey? of Pittsburgh and one by 
Marion * of Paris. Richey’s case occurred in the kidney pelvis; and, 
in Marion’s case, the bladder was the seat of this unusual change 
Marion’s case also showed the presence of epitheliomatous degeneration. 

Several years ago, Pollack * reported a case of leukoplakia of the 
kidney and one of the bladder which were not included in my previous 
paper. These two reports, with the two cited and two cases about t 
be reported, make a total of fifty-one cases. 

In my former paper the following conclusions were drawn: 

1. Leukoplakia is a rare condition. 

2. The etiology is unknown. 

3. The histopathologic findings appear to be uniform and constant 

4. There is no symptom or syndrome by means of which the condi 
tion can be diagnosed. 

5. The presence of large quantities of squamous epithelial cells 
in the urine from the bladder and from the kidney after uretera 
catheterization, and the passage of pieces of membrane or flakes o! 
squamous epithelial cells are very valuable findings in making th: 
diagnosis. 

6. By means of careful cystoscopic examination, leukoplakia of 
the bladder can be definitely recognized. 

The first case of leukoplakia of the kidney pelvis herewith reported 
came under observation, Sept. 21, 1920. A nephrectomy was _ per- 
formed for a right-sided renal tuberculosis. The presence of leuko- 
plakia was not discovered until after the removed kidney was cut open 
and the pelvis exposed. 


1. Kretschmer, H. L.: Surg., Gynec. & Obst. 31:325 (Oct.) 1920. 
2. Richey, DeW. G.: J. Lab. & Clin. Med. 5:635 (July) 1920. 

3. Marion, G.: J. d’urol. 9:257, 1920. 

4. Pollack: Beitrage zur Metaplasiefrage, Wiesbaden, 1901; Ueber Knochen- 
bildung in der Lunge, Virchows Arch. f. path. Anat. 165: No. 1. 
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REPCRT OF CASES 


Case 1.—History.—Mrs. G., aged 40, three years before coming under obser- 
vation was operated on because of bladder distress. A tumor was removed 
from the right ovary and half of the left ovary was removed. The symptoms 
were not relieved by this operation. 

Three weeks ago the patient was subjected to cystoscopic examination else- 
where, and a diagnosis of multiple ulcers of the bladder was made. The onset 
ccurred about four years ago, with practically constant symptoms. Following 
the operation there was some relief of symptoms for about two months. 
[he patient voided about every hour during the day and five or six times in 
the early part of the night, and then at longer intervals as the mght progressed. 
[he pain was located in the bladder and was present during and after urination, 
eing worse when the bladder was full. It was aggravated when the patient 
vas on her feet and was relieved by rest and alkaline treatment. Urgency 
ad been present ever since the onset of trouble. If the patient did not have 
he opportunity to void immediately on having the desire, the urine escaped. 

his was because the pain in the bladder became so intense that she seemed 
to lose control. Shortly before operation, the patient noticed clots of blood 

the urine; but no blood was ever seen until about two months ago, when 
he urine was red and contained clots. Tenesmus has been present since the 
nset of symptoms. Long shreds of fleshlike material were occasionally seen 
n the urine. 


RESULTS OF URINE EXAMINATION 


Cell Count Cultures Urea Tubercle Bacilli 


1 70 cells Staphylococci 0.25 Positive 
tight kidney.... 520 cells Sterile 0.4 Positive 
eft kidney..... Red blood cells Sterile 0.45 Negative 





Examination—Roentgen-ray examination was negative for stone in the 
kidneys, ureters and bladder. Cystoscopic examination, Sept. 23, 1920, revealed 
1 bladder capacity of 2 ounces (59.2 c.c.). Cystoscopy was very painful. 
Near the air bubble was seen an area of superficial ulceration surrounded by 
a zone of hyperemia. Adhering to the surface of the ulcer was a shred. On 
the posterior wall, a similar ulcer was seen. The ulcers were about half the 
size of a finger nail. The right ureteral orifice was slightly edematous; and a 
great deal of difficulty was experienced in passing the catheter up the right 
ureter. Five catheters were used and all stopped 1 cm. up. Finally a small 
No. 4 catheter was passed. Urine from the left side was clear; but in the 
urine from the right side there were a few specks. 

Operation—Dec. 9, 1920, under ether anesthesia, the usual right lumbar 
nephrectomy was performed. The patient made an uneventful recovery. 

Description of Gross Specimen.—The kidney was about normal in size and 
color. The capsule stripped easily, leaving a smooth regular surface, with the 
exception of two areas. One area, about 2 cm. in diameter, on the posterior 
superior aspect of the kidney, was very slightly sunken. It was of a 
darker color. On close observation, small yellowish or grayish tubercles, the 
size of a pinhead, could be seen. There was a similar area, 1 cm. in diameter, 
on the medial surface. Sections of these areas showed the cortical markings 
to be destroyed and the process to extend in a wedge-shaped mass down to 
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the calices. In it were a number of gray or yellowish hard tubercles, the size 
of a pinhead, from which tubercle bacilli were obtained on direct smear. The 
calices involved had lost their normal, smooth, glistening appearance, were 
very irregular and contained yellowish white elevations, varying in size from 
that of a pea to that of a pinhead. Otherwise the cortex and medulla appeared 
to be normal. 

The upper part of the pelvis was normal and had a grayish white glistening 
appearance (Fig. 1). On the lower part, about the ureteral outlet there was 
an area measuring 2 cm. by 1.5 cm., extending down the ureter for 1.5 cm., 
very sharply demarcated from the rest. It was of a slate or bluish-gray color, 
becoming purplish down the ureter, where it abruptly ceased and normal ureteral 
lining began. The borders were sharply outlined but very slightly elevated. 
The surface was rough, thrown into irregular folds, and on it were collections 


of cells resembling cholesteatomas. The ureter was not thickened or hardened 


Case 2.—History.—L. B., a man, aged 26, entered the United States Vet- 


erans’ Hospital No. 76, complaining of pain in the bladder region, hematuria, 
frequency, urgency, tenesmus and pain in the right side of the abdomen in the 
region of the right kidney. The present illness began in 1918, following an attack 
of influenza while in service in France. At this time, some clots of blood were 
noticed in the urine, this condition lasting for several days. At the time of 
admission to the hospital, bright red blood was present at the end of urination 
Pain in the right side of the abdomen was of a dull aching character an 
generally it was relieved by taking a cathartic. These attacks of pain occurred 
once or twice a month and lasted for three or four days. 

Examination.—Physical examination was negative. Roentgenograms showed 
the right kidney outline low and apparently very much larger than normal. Th« 
outline of the upper pole was not seen in the roentgenogram. No stone shadows 
were present. Cystoscopic examination revealed no signs of stones or tumor. 
Near the apex of the bladder was an area of ulceration surrounded by a zon: 
of hyperemia. The surface of the ulcer was covered by a slough. There was 
a second similarly shaped ulcer behind the right ureteral orifice. Ureteral 
orifices were normal and were easily catheterized. Specimens of urine obtained 
from the right and left catheters were sterile on culture. A few pus cells wer« 
noted in the urine from the left kidney. Examinations of the urine for tubercle 
bacilli were negative. The phenolsulphonephthalein test showed an output of 
41 per cent. from the right kidney in two hours and 36 per cent. from the 
left kidney. A pyelogram revealed the presence of a large hydronephrosis on 
the right side. 

Operation—Feb. 25, 1922, the usual oblique lumbar incision was made over 
the right kidney area. Delivery of the kidney was difficult because of the short 
pedicle and the large size of the hydronephrotic kidney. The pelvis was 
isolated ; the ureter was divided at the pelvic brim and the kidney was removed. 

Postoperative Course—Ten days after operation the patient developed 
phlebitis of the left leg. 

Description of Gross Specimen.—The specimen consisted of a large hydro- 
nephrotic kidney, about 7 inches (17.8 cm.) long, the surface of which was 
irregular. The pelvis was 2% inches (7 cm.) wide and 3% inches (8.9 cm.) 
long. The ureter and pelvis of the kidney were opened; the mucosa was normal. 
In the posterior wall of the kidney pelvis was seen an area two-thirds inch 
(17 mm.) long and one-fourth inch (6.4 mm.) wide which stood out in marked 
contrast to the rest of the kidney pelvis. It was dull white and presented a 





Fig. 1.—Large area of leukoplakia in the pelvis which passes down into the 


ureter where it comes to an abrupt stop. 
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dry, lusterless appearance. The gross appearance was that of leukoplakia. The 
rest of the kidney showed an enormous amount of dilatation. A small piece 
was excised for histologic study. Examination demonstrated stratified squamous 
epithelial cells. This area of metaplasia occupied the posterior wall of the 
pelvis and was situated 1% inches (3.17 cm.) above the ure‘eral opening. 


COMMENT 

Metaplasia is the postnatal production of specialized tissues from 
cells which normally produce other kinds of tissues and is an adapta- 
tion, on the part of the cells, to an altered environment (Adami and 
McCrae *). It may occur either as a physiologic or a pathologic process. 
| am.of the opinion that we are inclined to forget that metaplasia 
occurs as a physiologic process. As an example of this type of meta- 
plasia may be mentioned the conversion of cartilage into bone, as well 
as the conversion of connective tissue corpuscles into fat cells. An 
important point to remember is that epithelial tissue can be trans- 
formed only into epithelial tissue and mesoblastic tissue only into other 
forms of mesoblastic tissue. 

Heterotopia should not be confused with metaplasia, the former 
‘onsisting of the abnormal snaring-off of cells of an organ from the 
irgan proper and its subsequent growth in another place. Two forms 
{ heterotopia are generally recognized—congenital and acquired. 
\berrant suprarenals and accessory spleens may be mentioned as 
congenital types, and bony growths from displaced periosteum as 
examples of the acquired types. Therefore, in heterotopia there is no 
transformation of tissue. 

Likewise, metaplasia should be differentiated from heteroplasia, 
which, according to Adami and McCrae, is the condition in which we 


find, in the middle of the esophagus, normally lined by squamous 
epithelium, islands of columnar epithelium, similar to epithelium in 
the stomach. No conveftsion has occurred from one type of epithelium 
into the other; there is merely a persistence of misplaced tissue. 


Another condition which lies outside the discussion is the growth 
of one tissue to push back the normal tissue and to replace it. Accord- 
ing to McCallum, this occurs, for example, when the skin about a 
healing tracheotomy wound grows through the opening and extends 
inward, so as to line the trachea for a short distance. I once saw this 
occur in the urinary bladder in which a suprapubic fistula had been 
present for several years. 

Many are the views that have been advanced from time to time to 
explain the occurrence of metaplasia; but the real etiology of this 
condition is unknown. The presence of calculi in the bladder in a 


5. Adami, J. G., and McCrae, John: Textbook of Pathology, Philadelphia, 
Lea & Febiger, 1912, p. 202. 
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few of these cases has led a number of authors to believe that stone may 
be a factor in the causation of the condition, despite the fact that stone 
is not always found in these cases. Again, there are innumerable 
cases of bladder stone which have never shown the presence of leuko- 
plakia. The idea advanced is that a stone or foreign body produces 
irritation and that irritation in turn results in leukoplakia. Attention 
has also been directed to similar plaques in the mouth that are often 
encountered in pipe smokers; and it is believed that they, too, are due 
to irritation. 


Fig. 2—Large amounts of desquamated squamous cells adhering to the 
surface of the mucosa of the pelvis of the kidney; the submucosa showing round 
cell infiltration. 


Lecéne is not inclined to believe that chronic inflammaticn is 
responsible for this condition. He thinks that the lesion is congenital, 
owing to disturbances in the development of the urinary apparatus. 
He states that embryologically it is easy to explain heterotopia of the 
ectodermic cells in the vicinity of the mucosa of the upper urinary 


passages; and the fact that this may occur is sufficient to account for 


the lesions of leukoplakia. 
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Hallé asserts that chronic inflammation, simple or calculous, may 
produce an epithelial transformation in the mucosa of the urinary tract, 
the normal covering being transformed into stratified pavement epi- 
thelium with epidermic characteristics. 

The same authority in reporting his cases states that study shows 
the influence of chronic inflammation in the etiology of epithelial 
transformations, for, with few exceptions, these patients have an old 
cystitis, or a ureteropyelitis and cystitis due to gonorrhea, stricture or 


Fig. 3—Stratum granulosum above which are seen the lamellae of 
desquamated squamous cells. 


prostatic disease, or a postpuerperal cystitis due to catheterization, espe- 
cially in cases in which the condition has been tenacious, and rebellious 
of treatment. 


Lichtenstern mentions as etiologic factors, long-continued inflamma- 
tion, foreign bodies, stones, tuberculosis, etc. 

Posadas believes that leukoplakia, in most instances, offers a path- 
ologic condition, the origin of which may be traced back to syphilis; 
and when this is found, the benefit from specific treatment is unques- 
tionable. He is of the opinion that if we do not obtain satisfactory 
results with the usual methods of treatment when it is a matter of 
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a decided vesical affection with febrile hematuria and the throwing off 
of purulent mucosa, we should try mercurial treatment before pro- 
ceeding to suprapubic cystotomy. 

That leukoplakia of the kidney pelvis may have a congenital origin 
has been mentioned ; and to illustrate this fact, the case of Leber has 
been repeatedly cited. Leber’s case, it will be recalled, occurred in an 
infant, 4 months old, in whom, besides leukoplakia of the kidney, there 
was also leukoplakia of the eye. 

Wells ® states that in metaplasia we have what may be interpreted 
as a chemica! alteration due to mechanical stimuli, that is, the forma- 
tion of keratin by cells which ordinarily do not form it. 

Cases of metaplasia occurring outside the urinary tract have been 
reported by various observers. Haythorn’ has reported a case of 
primary carcinoma of the lung, arising in a bronchus. The lower layer 
of cells remained columnar in type, while the more superficial layers 
were composed of typical stratified squamous cells. A case of stratified 
squamous-cell carcinoma of the lung with cornification was reported 
by Cohn.* Typical pearls were formed in sections of this tumor. 

In discussing the question of metaplasia, Lewisohn ® reported two 
cases of unusual carcinoma, one of the uterus and one of the pancreas. 
He considers the question as to whether there is a real metaplasia of 
epithelium, and says: “It is conceivable that a typical pavement epi- 
thelium cancer of the uterus might originate without such a metaplasia, 
since it is not far from the pavement epithelium of the nortio vaginalis ; 
hence there might be a displacement, or even an extension of this pave- 
ment epithetium to the uterus. But this explanation will hardly hold 
in the case of tumor of the pancreas, since the pancreas does not lie near 
any tissue of ectodermal origin.” 

Cases in which metaplasia occurred in the epididymis have also 
recently been reported by Cunningham and Ohmori. 


ASSOCIATED KIDNEY PATHOLOGY 

Various associated pathologic conditions have been found in the 
kidneys. In one case described in this paper, there was an early renal 
tuberculosis with tuberculosis of the bladder. Tuberculosis of the 
kidney was also found in Beer’s case, as well as in the case reported 
by Beselin. In my second case there was a large hydronephrosis. 

Renal calculus with leukoplakia has been reported by Hallé, Chiari, 
Pollack * ( Lubarsch’s case) ; and in Ronas’ case, there were stones in 
the pelvis and ureter of the opposite side. 


6. Wells, H. G.: Chemical Pathology, Philadelphia, W. B. Saunders Com- 
pany, 1918, p. 285. 
Haythorn: J. M. Research 26:523, 1912. 
. Cohn, quoted by Lewisohn: Ztschr. f. Krebsforsch. 3:528, 1903. 


7 
8 
9. Lewisohn: Ztschr. f. Krebsforsch. 3:528, 1903. 
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In Lecéne’s case, there was a large infected kidney with retention. 
One of Ronas’ patients had a purulent perinephritis; and in Brik’s 
case, there was an associated interstitial nephritis. 


DISTRIBUTION 

From a review of these cases it would appear that in leukoplakia 
involving the urinary organs, the bladder is most frequently affected. 
This is evidenced by the fact that in thirty of the reported cases, the 
bladder was the seat of the pathologic condition, and that in only twelve 
cases were the kidneys found to have this lesion. In three cases, the 
ureter was affected. 

Various combinations of distribution are also to be noted: bladder, 
one kidney and one ureter, 1 case; bladder, one kidney and both 
ureters, 1 case; bladder, two kidneys and two ureters, 1 case; urinary 
tract, 1 case; one kidney and one ureter, 1 case, and bladder and 
ureter, 1 case. 

RELATIONSHIP TO CARCINOMA 

The entire subject of metaplasia and leukoplakia is interesting 
from three points of view: (1) as to the various theories that have 
been advanced from time to time regarding the exact method of 
origin; (2) as regards the various etiologic factors which supposedly 
produce or aid in producing this condition, and (3)—not the least— 
the relationship that exists between leukoplakia and carcinoma, a 
possibility that has been repeatedly pointed out in cases of carcinoma 
of the mouth developing from these plaques. 

The presence of stratified squamous cell carcinoma occurring in 
organs which normally do not contain this type of epithelium is gen- 
erally explained on the basis of metaplasia of the normal epithelium of 
these organs into stratified squamous epithelium and the formation of 
leukoplakia, with subsequent carcinomatous degeneration of these 
patches or plaques. 

To conclude, it may be stated, with a considerable degree of 
probability, that stratified squamous-cell carcinoma of the kidney and 
bladder can be explained on the basis of metaplasia with leukoplakia 
formation. 


122 South Michigan Avenue. 





PRIMARY SQUAMOUS-CELL CARCINOMA OF THE 
KIDNEY AS A SEQUEL OF RENAL CALCULI * 


H. GIDEON WELLS, M.D. 


CHICAGO 


An unusual case of renal tumor that has recently come under my 
observation carries so much evidence as to the relation of trauma and 
tumor formation, as well as to other problems of pathology, that it 
seems worthy of publication. It concerns a case of primary squamous- 


cell carcinoma of the kidney, arising as a sequel of renal calculi. 


REPORT OF CASE 

History —A man, aged 57, a tailor, entered the Cook County Hospital, 
June 13, 1921, two weeks before his death, complaining of abdominal pains of 
six months’ duration, associated with frequent burning micturition, and a loss 
of about 30 pounds (13.6 kg.) in weight. There was no history of pain 
characteristic of renal colic, although he said that he had suffered from pain 
over the bladder when he was 20 years old; beyond this there had been no 
previous illnesses. Venereal infection and alcoholism were denied. He had 
never noticed blood in the urine, although it was turbid. 

Examination—The only positive findings on examination were these. On 
the right side of the abdomen there was a tender mass about the size of a 
coconut, extending from the costal border to 5 cm. above the umbilicus. 
Roentgen-ray examination revealed the presence of multiple stones in an 
enlarged right kidney. The cystoscope showed the vesical mucosa congested 
without ulceration. Ureteral catheterization showed that the right kidney 
did not function. With 1 c.c. of phenolsulphonephthalein, injected intravenously, 
the dye showed in the urine from the left ureter in six minutes, but none 
appeared from the right side in thirty minutes. The phenolsulphonephthalein 
test, intravenously, yielded 30 per cent. in the first half hour and 20 per cent. more 
in the second half hour from the left side. The urine contained albumin, pus, and 
blood, but few casts. A 25 per cent. solution of sodium bromid was injected by the 
ureteral catheters, the right side taking 20 c.c., the left 10 c.c. Roentgenograms 
then revealed, on the left side, a somewhat enlarged left kidney with slightly 
enlarged multiple calices; the right kidnev showed a pelvis of irregular shape, 
apparently with escape of the injected fiuid into the substance of the diseased 
kidney. The stones seemed to be not only in the kidney but also in the 
surrounding soft tissues. 

Blood analysis gave the following figures: total nonprotein nitrogen, 39.27 
mg. per hundred c.c.; urea nitrogen, 18.4 mg.; uric acid nitrogen, 2.27; creatinin 
nitrogen, 1.47. The leukocyte count was 11,800. 

Following the ureteral catheterization the patient had a chill, and he 
continued to grow progressively weaker, usually with a subnormal temperature. 
On June 28, under local anesthesia, the right kidney was opened and three large 

* From the Department of Pathology, University of Chicago, and the Otho 
S. A. Sprague Memorial Institute. 
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dendritic caculi, each about 3 cm. in diameter, were removed, together with 
large amounts of pus. The patient continued to sink, and died the next 
day, a postmortem examination being made about six hours after death. 

Necropsy Findings—The body was that of a medium sized man, with white 
skin showing no_icterus. The superficial lymph glands were not enlarged. 
There was a recently sutured wound, about 14 cm. in length, in the back, below 
and parallel to the right twelfth rib. There were no other external abnormalities. 

Abdominal Cavity: There was 1 cm. of subcutaneous fat in the midline. The 
mesenteric lymph glands were not enlarged. The lower pole of the left kidney 
extended slightly below the crest of the ilium. The peritoneal cavity was 
free from fluid and its surface was smooth and shiny. A tumor mass at the 
site of the right kidney extended to the anterior axillary line. The colon 
extended over and in front of the renal mass and was attached to the liver 
and mass by dense fibrous adhesions. A white nodule, 1 cm. in diameter, which 
resembled a neoplasm, was removed from the peritoneum in this region. When 
this was cut, it exuded a white, necrotic, softened material. There were no 
adhesions about the spleen or gallbladder. 

Chest Cavity: There were no abnormalities. The mediastinal glands were 
not enlarged. 

Heart, Aorta and Vessels: The heart was large in proportion to the weight 
of the body, weighing about 350 gm. The coronary vessels and their orifices 
were normal. There was no fibrosis of the myocardium. All valves were 
normal, The ascending aorta showed a few small yellow streaks which were 
more numerous in the arch than in the abdominal aorta. The lymph glands 
around the abdominal aorta were enlarged and continuous with the right kidney 
mass. The inferior vena cava was free from thrombi and compressed somewhat 
with lymph glands but it was not occluded. The left renal vein was compressed 
by lymph glands. 

The trachea and esophagus were both normal. 

Lungs: The lower portion of the right lower lobe was slightly boggy. and 
contained little air; but there was no consolidation. There was an extensive 
caicification of one right peribronchial lymph gland. The weight of each lung 
was 400 gm. The lower lobe of the left lung contained small subpleural 
hemorrhages and a few small slightly consolidated areas over which the pleura 
was smooth and glossy. Yellow pus exuded from the bronchi in this region, 
together with a little fluid. 

Spleen: There were no gross changes. 

Liver: The liver weighed 2,120 gm. The organ as a whole was enlarged; 
the surfaces were rounded, moist, swollen and soft in consistency. There was 
no increase in connective tissue. The gallbladder was normal in size and 
contained no concretions. 

Stomach: The stomach showed no gross abnormalities. Below the pyloric 
ring there were two pouches or diverticula, each about 1.5 cm. in size, in the 
duodenal mucosa, with no evidence of inflammation or ulceration. 

Pancreas: This was normal, 

Kidneys: The left kidney was larger than normal, weighing 300 gm. and 
measuring 14.5 cm. long, 7 cm. wide and 6 cm. thick . The organ was soft, 
mottled and irregular in outline with a nonadherent capsule which was attached 
to the perirenal tissue. The cut surfaces showed areas of marked disintegration, 
hemorrhage and softening with one abscess, 2 cm. in diameter, underneath the 
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capsule. The cortex was 10 mm. thick. The pelvis showed no ulceration. The 
ureters were of normal size and showed no ulceration but contained purulent 
material. 

The right kidney weighed 800 gm. It measured 21 cm. long, 13 cm. wide and 
7 cm. thick, and it was adherent to the perirenal tissue which was indurated 
and contained several abscesses up to 3 cm. in diameter. The kidney was 
firmly adherent to the perirenal tissue over the entire surface; and about the 
pelvis, extensions of tumor growth had produced nodules and strands of 
neoplasm in the perirenal tissue itself. The ureter was completely occluded 


at its junction with the pelvis, the lower portion of which was completely filled 


by masses of irregular cancer tissue, about 5 mm. thick, surrounding the entire 


Fig. 1—Squamous-cell carcinoma of the renal pelvis; « 60; showing the 
infiltration of the submucous tissues by carcinoma with formation of masses of 
keratin scales. The lining of the cavity is formed by stratified epithelium. 


pelvis. The cut section of the kidney disclosed a complete loss of all recog- 
nizable kidney tissue. The organ consisted essentially of a mass of branching 
communicating cavities directly continuous with the pelvis, some of which 
extended to the capsule. The surfaces were bathed with thick pus in which 
a few small remains of the original calculus were found. Between the pus-filled 
cavities were masses of white cancer tissue with irregular necrotic surfaces, 
in places covered with blood clots. The cancer tissue infiltrated through the 
renal capsule into the perirenal fat in many places. The pelvic surfaces were 
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rough; but only occasionally was anything suggestive of a papillary character 
to be seen. In some places the shell of cancer tissue was only 1 or 2 mm. 
thick; in others, masses from 2 to 4 cm, thick remained. The kidney consisted 
practically of a pus-filled cavity formed by distention and ulceration of the 
renal pelvis, with walls composed entirely of cancer tissue. The portion of 
the stones obtained at the operation, together with the fragments found at 
necropsy, weighed 33 gm., air dried at room temperature. They constituted 
a typical dendritic calculus which had broken apparently spontaneously into 
three large fragments and four smaller ones. When fractured the surface was 
roughly crystalline. The external surface was lobulated, roughened, and showed 
ome soft deposit on a harder central portion. 





Fig. 2—Squamous-cell carcinoma of the renal pelvis; « 110. Higher magni- 
fication to show the resemblance to squamous-cell carcinoma of the skin. 


The lymph glands around the kidney were enlarged, up to 5 cm. in diameter, 
by white neoplastic tissue, with most of them showing suppurative softening. 

Suprarenals: The left suprarenal was normal; the right was infiltrated with 
a white tissue, without much enlargement or nodule formation, apparently by 
direct extension from the kidney. 

Bladder: The bladder contained a purulent material. The mucosa was 
hyperemic and contained much granulation tissue about the trigon, together 
with many small hemorrhages but no ulceration or tumor growths. Both 
ureteral orifices and the urethral orifice were normal. 
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The prostate, seminal vesicles and testicles were normal. 

Skeleton: No metastases could be found. The vertebral column showed 
marked exostosis with complete ankylosis of many of the vertebral articulations. 

Histologic Findings—The white neoplastic tissue which replaced the right 
kidney and many retroperitoneal lymph glands, as well as the tumor nodule 
found in the peritoneum, consisted everywhere alike of typical squamous-cell 
carcinoma characterized by extensive formation of whorls of stratified kera- 
tinized epithelium. It differed not at all from the keratinizing carcinomas that 
are found in the skin or mouth. Nowhere were there structures resembling 
the ordinary papillary carcinomas of the renal pelvis, or the medullary transi- 


Fig. 3—Metastatic squamous-cell carcinoma in a retroperitoneal lymph gland; 
< 60. Most of this field is occupied by masses of hornified epithelium. 


tional cell carcinomas. In all parts of the tumor growth, both primary and 
secondary, there was acute suppurative inflammation. In none of several sections 
examined were any remains of the kidney tissue to be seen. The right 
suprarenal was partly replaced by carcinoma of the same type as that in 
the kidney. 


The left kidney showed only the usual changes of an acute ascending 
suppurative nephritis. 


No microscopic changes of present interest were found in the other organs. 
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Anatomic Diagnosis —This was: right nephrolithiasis; diffuse infiltration 
of the right kidney and perirenal tissues with squamous-cell carcinoma; acute 
suppurative pyelonephritis with complete destruction of the parenchyma of the 
right kidney; recent nephrostomy wound of right kidney with drainage; 
carcinomatous infiltration of right suprarenal; metastatic carcinoma nodule in 
peritoneum; secondary carcinoma and suppuration of retroperitoneal lymph 
glands; ascending suppurative nephritis of left kidney, acute cystitis and 
ureteritis; compression of inferior vena cava and left renal vein; hypertrophy 
of left cardiac ventricle; senile arterial sclerosis, moderate degree; atrophic 
sulmonary emphysema; calcified tubercle in a right peribronchial lymph gland; 
icute suppurative bronchitis and early hypostatic bronchopneumonia of left 
lower lobe; acute parenchymatous swelling of liver, and marked exostosis of the 
vertebral column. 


Samples of the renal stones were mixed together and analyzed for 
ne by Miss Mary E. Maver, who obtained figures indicating an average 
percentage composition as follows: 


Cas(PO.)2— 70.70; Mgs(PO,):, 21.35; CaCOs, 7.95. 


No oxalic acid, uric acid, xanthin or silicic acid was present. 

This is, then, a phosphate calculus, which is an unusual type of 
‘oncretion to be found in the renal pelvis. There is a current state- 
ment in the literature to the effect that renal calculi are ordinarily com- 
posed chiefly of uric acid or urates; but more recent writers have 
reported that calcium oxalate is usually the chief component. Row- 
lands’ found that twenty-two renal stones were composed almost 
entirely of calcium oxalate; phosphates were commonly present, and 
uric acid was absent or was found only in traces. Max Kahn ? analyzed 
sixteen stones and found from 29.5 to 94.7 per cent. of calcium oxalate, 
from 0.2 to 40.6 per cent. of uric acid, from 2.1 to 56.2 per cent. of 
phosphorus pentoxid, and no carbonate. Only two of these stones con- 
sisted chiefly of phosphate, and only two had much uric acid (40.6 and 
23.6 per cent), while all but three had more than 70 per cent. of cal- 
cium oxalate. 

Such calculi as the one in this case, composed chiefly of a mixture 
of calcium and magnesium phosphate, ordinarily indicate the presence 
of long-continued ammoniacal decomposition of the urine. Under 
such cases these salts may precipitate on a previously existing urate 
concretion, and the urates in time may dissolve out and be replaced by 
phosphates, constituting the process of “metamorphosis” of calculi.* 


1. Rowlands: Biochem. J. 3:346, 1908. 
2. Kahn, Max: Study of the Chemistry of Renal Calculi, Arch. Int. Med. 
11:91 (Jan.) 1913. 


3. Wells, H. Gideon: Chemical Pathology, Ed. 4, 1920, p. 461. 
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DISCUSSION OF LITERATURE 
The infrequency of tumors of this sort is indicated by the follow- 
ing statement made by Ewing‘ in his work on neoplastic diseases : 


Squamous-cell carcinoma of the pelvis was described by Kundrat in 1891 
and later cases have been reported by Rundle, Graupner, Kischensky, Beisenbruch 
and Scheel. These remarkable tumors are usually of large size when discovered, 
but Battle observed squamous changes in a small villous tumor of the pelvis 
and Rundle found the upper ureter invaded by a squamous carcinoma of 
moderate dimensions. In other cases the pelvis has been distended and the 
wall infiltrated by a bulky growth. The kidney is either transformed into large 
cysts by hydronephrosis or infiltrated and destroyed. The squamous changes 
are very pronounced and much of the growth may be composed of epithelial 
pearls, many of which are hornified or calcified. In Schmorl’s case, distant 
metastases showed the same structure. That the pelvic and ureteral epithelium 
is capable of extensive epidermization is well attested by the reports of Wendel 
of numerous cases of leukoplakia, usually associated with calculi. Rokitansky 
described a very advanced condition, with much scaly desquamation, as “choles- 
teatoma.” Ziegler found marked epidermization in pyelitis calculosa, and Beselin 
reported an advanced case with tuberculous pyelitis. Yet all cases are not 
associated with calculi or leukoplakia, so that the excessive hornification must 
be regarded as a tendency inherent in the growth. 

In a case studied by the writer in a woman of 58 years, the kidney and 
tumor measured 14 by 19 cm. The tumor involved chiefly the extrapelvic fat 
but had occluded the lower half of the pelvis, along which it invaded the kidney. 
The renal cortex was thinned out over several large smooth-walled cysts. The 
ureter was destroyed down to the bladder. There were metastases in aortic 
and mesenteric nodes and in the uterus. The main bulk of this large tumor 
was composed of hornified and slightly calcified epithelial pearls surrounded by 
a moderate number of spindle or cubical granular epithelium. The transition 
from one to the other type of ~ell was very sharp. 


Kaufmann says: “Squamous epithelial cancers occur, which some- 
times follow epidermoid transformation of the mucosa, e.g., as a 
result of concretions. In one such case in Basle the renal pelvis con- 
tained a large branching stone (oxalate nucleus with calcium salt 
mantle) weighing 93.1 gm.” 

The case reported by Kischensky* resembles my case in many 
respects, especially in the complete replacement of the entire kidney by 
squamous-cell carcinoma ; it also extended into the liver and diaphragm 
and produced metastases in the regional lymph glands and in the right 
knee. There was not only squamous-cell cancer tissue, but also areas 
of transitional and cylindric epithelial growth, and _ papillomatous 
formations. In addition to the hornification there was considerable 


4. Ewing, James: Neoplastic Diseases, a Textbook on Tumors, Ed. 1, Phila- 
delphia, W. B. Saunders Company, 1919, pp. 743-744. 

5. Kaufmann: Spezielle path. Anat., Ed. 6, 2:877. 

6. Kischensky: Ziegler’s Beitr. 30:348, 1901. 
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calcification. However, in this case no concretion was present. He 
gives a full discussion of the literature on tumors and metaplasia of 
the renal pelvis to that date. 

While squamous-cell cancers of the kidney are rare, as a matter of 
fact, any type of epithelial tumor seldom arises in the pelvis of the 
kidney, for in 1921 Miller and Herbst? in reporting a case of papillary 
tumor of the pelvis mentioned only fifty-three others as previously 
reported. Metastases were observed in fifteen of these cases. 
i\retschmer,* in 1917, reviewed the literature on “Primary Non- 

ipillary Carcinoma of the Renal Pelvis,” of which he found forty- 
iree cases, including one of his own. In eleven cases there were 
und, associated with the tumor, renal stones. Necropsies were 
cured in but nineteen cases, with metastases found most frequently 
the liver (eight cases), and in five cases there were osseous 
etastases. He makes no particular reference to the question of 
irnification, and from his abstracts of the case reports it is not possible 
determine this matter exactly, since the terms pavement epithelioma 

d epidermoidal cancer are used vaguely. Apparently only about 





-e cases were definitely keratininzing squamous carcinomas, and in 
ree of these renal stones were found. The cases described by Kauf- 
inn and Ewing were not included in Kretschmer’s summary. In 
|, | have found eleven cases of squamous-cell carcinoma of the renal 
lvis sufficiently thoroughly reported to be unquestionable. In these 
he presence of calculi is mentioned in six. 
A case reported by Primrose® is particularly interesting since it 
ose in the pelvis of a horseshoe kidney with calculous pyonephrosis. 
nfortunately, necropsy was not obtained and only the observattons 
ade at operation are recorded. 

Recently Scholl '® has reported six cases of squamous-ce!l carcinoma 
of the urinary bladder, in only one of which did stone occur. In 
reviewing the literature on the topic he discusses also cases of 
squamous-cell carcinoma of the renal pelvis. He states that in 195 
tumors of the kidney observed at the Mayo Clinic there was only one 
squamous-cell carcinoma of the pelvis of the kidney; but he does not 
mention whether there was or was not a stone present. This is pre- 
sumably the case recorded, but not fully described, by Wilson." 


7. Miller, E. M., and Herbst, R. H.: Papillary Epithelioma of the Kidney 
Pelvis, J. A. M. A. 76:918 (April 2) 1921. 

®&. Kretschmer, H. L.: J. Urology 1:405 ( Aug.) 1917. 

9. Primrose, Alexander: Squamous-Cell Carcinoma of the Kidney, J. A. 
M. A. 75:12 (July 3) 1920. 

10. Scholl, A. J., Jr.: Squamous-Cell Carcinoma of the Urinary Bladder, 
Arch. Surg. 3:336 (Sept.) 1921. 
11. Wilson, L. B.: Collected Papers of the Mayo Clinic, 1912, p 303. 




















364 ARCHIVES OF SURGERY 
Scholl also makes the following statement: 


Leber reports the case of an infant of 4 months in whom the epithelial 
lining of the pelvis of the kidney was composed of many layers of cells showing 
cornification; a similar condition was found in the infant’s eye. This case 
suggests a congenital origin. Lecéne holds that the process in these cases 
is due, not to chronic inflammation, but to developmental changes in the genito- 
urinary tract. Wilson suggests that epidermoid growths of the pelvis of the 
kidney may be due to inclusions of ectodermal cells carried from the rectum 
to the kidney by way of the cloacal wall. 


The last suggestion is, of course, purely hypothetical. The frequent 
existence of metaplastic changes in the urinary tract from chronic 
irritation and the fact that chronic irritation usually precedes squamous 
carcinoma in the urinary tract provides adequate explanation for such 
cases as have been observed. 

As to the frequency of squamous-cell carcinoma in the urinary 
bladder, Scholl quotes the statement of Geraghty that in 180 epithelial 
tumors of the bladder at Johns Hopkins Hospital there was but one of 
this type. At the Mayo Clinic, however, there were found in 333 
neoplasms of the bladder the six cases of squamous-cell epithelioma 
which Scholl describes. Among 113 bladder tumors studied by 
Buerger '* there were five squamous carcinomas. 


In their review of the comparative pathology of renal tumors Slye, 


Holmes and Wells** mention only the following cases in which 
squamous epithelial growths have been observed in the kidneys of 
lower animals: “Baird '* has reported a case of keratinizing epi- 
thelioma in the kidney of a fowl, and Borrel and Masson ** have also 
described a renal tumor in a fowl which showed both cylindrical and 
squamous elements.” 


SIGNIFICANCE OF METAPLASIA 

The occurrence of metaplasia in the urinary tract has _ been 
described especially often, presumably because the transitional 
epithelium has to undergo less alteration to produce squamous 
epithelium than does the columnar epithelium of the bronchi, uterus 
and the gallbladder, where metaplasia has been occasionally observed. 
Richey '® has recently discussed the topic of metaplasia in the renal 
pelvis in some detail, and makes the following statement: 


That leukoplakia may be the predecessor of carcinoma is indubitable. Osler 
states that 20 per cent. of leukoplakia of the tongue becomes carcinomatous, 


12. Buerger, L.: Surg., Gynec. & Obst. 21:179 (Aug.) 1915. 

13. Slye, Holmes and Wells: J. Cancer Res., to be published. 

14. Baird, A. T.: J. Cancer Res. 2:103 (Jan.) 1917. 

15. Borrel and Masson: Bull. de l’ass. franc. p. l'étude du cancer, Paris, 
4:172, 1911. 

16. Richey, DeW. G.: J. Lab. & Clin. Med. 5:635 (July) 1920. 
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while Albarran, Barker, Ewing and others indicate that leukoplakia in any 
organ should be watched carefully for malignancy, often being, in the absence 
of early carcinoma, very suspicious of precancerous changes. Morris collected 
twenty-seven cases of tumors originating in the kidney pelvis, of which ten 
were malignant, while recently Kretschmer was able to gather forty-three 
instances of nonpapillary carcinoma of the renal pelvis, including twenty-one 
of apparent transitional or squamous type. The former author states that the 
most frequent form of carcinoma is transitional or squamous-cell, pointing out 
that long-standing irritation may lead to the transformation of the renal 
epithelium to an epidermic character, with a resultant leukoplakia which may be 
» starting point of squamous-cell cancer. 


The formation of metaplastic squamous epithelium brings forward 
wo ptfzzling topics, one chemical, the other embryologic. The chem- 
cal peculiarity is that squamous epithelium is characterized by the 
‘ormation of keratin, which is a definite chemical compound, formed 
normally, as far as is known, only by cells of ectodermal origin, includ- 
ng the neurokeratin of the central nervous system. When cells of 
ndodermal origin, such as those lining the gallbladder, or those of 
nesodermal origin, such as those lining the renal pelvis or the uterus, 
take on the function of forming this peculiar, insoluble, sulphur-rich, 
ndigestible protective chemical, keratin, they have assumed a chemical 
iunction which seems to be far removed from their normal capacity. 
‘lence we must conclude that metaplasia involves not only a mor- 
»hologic but a chemical transformation in the cells. 

For tumor pathology another problem arises. When cells assume 
ie proliferative activity that is characteristic of malignancy, they 
isually lose their more recently acquired functions and retain chiefly 
he simple vegetative function of proliferation. But when a transi- 
tional or columnar epithelial surface becomes squamous through 
metaplasia, and the same protracted irritation that produced the 
metaplasia continues until cancer results, we find that the newly 
acquired property of forming keratin has become fixed and the cancer 
is a keratinizing, squamous-cell carcinoma. One would expect the 
epithelium to approach its original, simpler embryonal character, rather 
than exhibit and retain so profound and recently acquired an alteration 
as the production of keratin. 

SUMMARY 


The formation of keratinizing squamous-cell carcinoma in the renal 
pelvis is a rare occurrence. In the case reported, which is of this 
sort, the metaplasia of the transitional epithelium to the squamous 


form was apparently the result of chronic irritation from renal con- 
cretions. 





SCOLIOSIS ACCOMPANYING CHRONIC INFECTED 
OPEN PNEUMOTHORAX: ITS CAUSATICN 
AND CORRECTION * 


FRASER B. GURD, B.A., M.D. 
Assistant Surgeon to the Montreal General Hospital 


MONTREAL, CANADA 


Long-continued suppuration of large cavities in open pneumothorax 
is followed by a deviation of the spine to the healthy side. During 
the last two years, I have had an unusual opportunity to study this 
type of case.’ As a result of these observations, I believe it has been 
demonstrated that the cause of the scoliosis in these cases is pressure, 
due to the ribs on the diseased side, proof of which is afforded by the 
effect of extensive thoracotomy in correcting the deformity. 

When the lung is firmly held in a collapsed state by the dense 
enveloping membrane, which develops in long standing cases of large 
empyema cavities, nature attempts to obliterate the dead space by 
approximating the chest wall to the fixed lung. The anterior extremities 
of the ribs fall, making their horizontal direction more vertical; the 
intercostal spaces become obliterated, and in very long standing cases, 
such as the case described herewith, the ribs overlap one another. The 
shoulder on the affected side drops from 2 to 4 cm., or more, and the 
middorsal and the lower dorsal spine are pushed over to the unaffected 
side. In this way a well marked scoliosis, with its concavity toward 
the affected side of the chest, is produced. The deviation of the 
spinous processes from the midline may be 3 cm., or more. 

In performing decortication, or pneumolysis, in a series of long- 
standing cases, I have found it necessary to employ, in several cases, 
a very extensive form of thoracotomy, in order to obtain an adequate 
exposure of the thorax. As a concomitant of the favorable results of 
this operation, it has been noted that the scoliosis, which was present 
in these cases prior to operation, is either entirely corrected or much 
improved. 

If a simple intercostal thoracotomy is performed, normal alinement 
of the spine is dependent on return of the affected half of the chest to 
full function. This, at best, must be slow, and it is difficult to imagine 
its possibility in view of the extreme thickness (1 to 2 cm., or more) 
of the parietal pleura, and the intercostal fibrosis present in all the 
more chronic cases. 


* Read before the fourth annual meeting of the American Association for 
Thoracic Surgery, Boston, June 6, 1921. 
1. Gurd, F. B.: Canad. M. A. J. 2:408 (June) 1921. 
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When, on the other hand, a portion of the lower part of the chest 
wall is removed, and the upper ribs are divided, there is evident at 
once a marked change in the shape of the chest. The spine, free from 
the pressure of the ribs, straightens, and the shoulder returns to its 
proper position. Both the anteroposterior and the transverse diameters 
of the diseased half of the chest remain less than those of the healthy 
side; but the disfiguring deformity is overcome. 

In performing this operation, the incision follows the line of the 
ninth rib from the midline or anterior axillary line, backward to the 











Fig. 1—A, marked deformity and discharging sinus through the left breast 
in patient B. C.; B, diagrammatic drawing on photograph, showing marked 
reduction in size of left half of chest, together with lateral curvature of the spine. 


angle of the scapula, where it curves upward to about the level of the 
spine of the scapula and ends midway between the scapula and the 
spinous processes. From 10 to 15 cm. of the eighth and ninth, and 
occasionally of the tenth rib, are removed, together with the intervening 
intercostal tissues, and the underlying thickened parietal pleura. The 
removal of this portion of the wall permits manual, and, to a limited 
extent, visual exploration of the cavity, and provides for the introduc- 
tion of tubes for the subsequent use of discontinuous irrigation with 
surgical solution of chlorinated soda (Dakin’s solution). As a general 
rule, further operative interference should not be undertaken at the 
primary operation. 
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Fig. 2—Roentgenogram (B. C.), taken before operation, showing marked 
curvature of the spine and displacement of the heart to the right. 




















Fig. 3—Roentgenogram taken one week after operation showing partial 
correction of deformity; the clear area on the left side of the chest is the site 
of removal of thickened parietal pleura. 
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Following this partial thoracotomy, discontinuous irrigation of the 
cavity should be carried out for two or three weeks, then the second 
stage of the operation should be undertaken. At the second operaticn, 
5 or 7 cm. of the seventh rib is excised, and the sixth, fifth, fourth, 
and, occasionally, the third, ribs are sectioned. I have not found it 
necessary or desirable to cut the first two ribs, although that would 
probably correct more completely the lateral curvature. Such an 
exposure permits satisfactory intrathoracic operation in the most 
densely walled chests, and is followed by straightening of the spine. 


| - - aces —_ 











Fig. 4—Roentgenogram (B. C.), taken one month after operation, showing 
increase in the size of the left half of the chest, as well as almost complete 
irrection of the deformity. 


I have usually employed paravertebral procain anesthesia, assisted 
from time to time during the operation by light chloroform anesthesia. 

The case reported herewith exemplifies the usefulness of decortica- 
tion in obliterating the open pneumothorax, arresting the suppuration, 
and correcting the scoliosis. 


REPCRT OF CASE 

History —B. C., woman, aged 23, was admitted to the Montreal General 
Hospital, Sept. 27, 1920. Since May, 1916, she had had a left sided empyema 
which upon three occasions had ruptured spontaneously. Two sinuses in the 
lower part of the chest were healed at the time of admission; but a moderate 
purulent discharge poured from an opening through the left breast situated 
above and toward the midline from the nipple. She had lost 55 pounds (25 kg.) 
and was very emaciated and weak, although able to walk about. 
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Examination.—The temperature varied from normal to 100.6 F. The pulse 
rate was about 100 per minute. Blood examination revealed: white blood cells, 
16,000; red blood cells, 3,000,000; hemoglobin, 80 per cent. She weighed 104 
pounds (47 kg.). 

The heart was displaced completely to the right side of the chest, the apex 
beat being palpable below the right nipple. Physical and roentgenologic exam- 
ination indicated a complete cavity of the left chest. 








Fig. 5.—Roentgenogram (B. C.), taken one month after thoracotomy and pul- 
monary decortication, showing clearly the tendency of the ribs on the affected 
side to overlap one another following section. 


A marked deformity was present. The left side of the chest was flattened 
both in front and behind; the axilla was depressed; the shoulder drooped, and 
there was a marked lateral deviation of the spine, with convexity to the right. 
The right side of the chest appeared fuller than normal, and respiratory 
movements were absent on the left side. The spinous processes deviated to 
the right, between 5 and 6 cm. from the midline. 























GURD—SCOLIOSIS 





371 


Operation.—September 30, an incision, 15 cm, long, was made over the ninth 
rib in the axillary line. The ribs overlapped one another by one-third of their 
width; 9 cm. of the eighth, ninth, and tenth ribs were resected. The parietal 
pleura was extremely dense and hard, and was approximately 2 cm. thick. The 
cavity, which contained about 40 c.c. of foul, thick pus, was freely exposed. 
There was no lung in the left side of the chest, and no respiratory or cardiac 
movements could be felt. Owing to the marked deformity of the chest, the 
whole left half of the thorax was small. A few adhesions crossing the cavity 
were broken down, and the surface cleaned with gauze. Two Carrel tubes 
were sutured in place, and the wound closed. 

Course—For two weeks following operation, discontinuous irrigation with 
akin’s solution was carried out four times a day. During the irrigations, the 
itient was placed in such a position that as large an amount of the cavity 
was exposed to the solution as possible. For ten days, the discharge was foul. 
lt then improved rapidly, and by the time of the second operation it was free 
from odor, although there was a moderate amount of purulent discharge on the 
lressings. 

Second Operation—Under intratracheal anesthesia, fifteen days after the 
preliminary operation, the incision made at the last operation was opened, and 
‘ontinued upward between the spinous processes and the scapula as far as the 
ipper angle of the scapula. The scapular muscles and the remainder of the 
latissimus dorsi were cut transversely. Four ribs were sectioned upward from 
the medial border of the previous operation; 7 cm. of the seventh rib was 
excised, and shorter portions of the fifth and sixth ribs. The thickened pleura 
was partly excised, to obtain satisfactory exposure, a procedure made necessary 
y intercostal fibrous tissue and thickened parietal pleura. With difficulty, the 
overing over the lungs was removed completely over the lower two thirds; above 
this point it was separated from the lung surface and incised. The covering 
ver the pericardium, and over the greater portion of the diaphragm, was also 
removed. Considerable bubbling occurred from the surface of the lung over 
parts which had been torn during decortication.. Although the patient could 
not be induced to cough, it was obvious that the lung was still expansile. The 
wound was closed by catgut sutures for the muscle, and silkworm-gut for the 
skin. Two long paraffin gauze bismuth-iodoform-petrolatum-paste drains were 
inserted in the apex of the cavity and brought out through the lower anterior 
portion of the wound. 


Result.—The patient stood the operation well. For forty-eight hours she 
was moderately weak, although her pulse did not rise above 100 per minute, and 
the temperature remained practically normal. The drains, behind which was 
found about 20 c.c. of bloody serum, were removed forty-eight hours after 
operation. The wound was allowed to close, and forty-eight hours later a 
director was passed into the chest. Only a few drops of clear serum was 
evacuated. At no time, subsequently, was there the slightest discharge from 
the wound. 

The fourth day following operation, the following note was made: The 
patient feels strong and is suffering but little discomfort. The deformity of 
the chest has been corrected to a considerable degree. Scoliosis is not more 
than 2.5 cm. from the midline. 

The patient was discharged from the hospital Nov. 4, 1920. The wound was 
then soundly healed; her general appearance was much improved, and she was 
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Fig. 6.—A, anterior view of patient six weeks after operation; B, posterior 
view six weeks after operation. 








Fig. 7—A, patient, six weeks after operation, showing lack of interference 
with function of the arm; B, posterolateral view showing operation wound. 
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able to get about without undue fatigue. She weighed 107 pounds (48.5 kg.) and 
breath sounds of a blowing character were heard through the chest, except 
toward the midline posteriorly. 

The left shoulder was practically on a level with the right. The deviation 
of the spinous processes to the right was less than 2 cm. 

Since leaving the hospital, the patient has been repeatedly examined. There 
has been a continuous improvement in her general health, although late in 
January she had an attack of diphtheria. There is now, May 30, 1921, moderately 
good expansion of the left side of the chest, and, although it is obvious on 
examination that the left half of the chest is smaller than the right, when she 
is wearing her clothing the deformity is not noticeable. She is at present 
engaged at work as a ward maid in the hospital. She weighs 129 pounds 
(58.4 kg.). 

COMMENT 


Although in no other case have I encountered such a marked degree 


'f scoliosis, in all cases in which chronic infected open pneumothorax 
las persisted for six months or longer, there is marked lateral curvature 
f the spine. Ten cases of this kind have been observed in which 
‘orrection of the deformity has followed extensive thoracotomy. In 


ne patient, who is still under observation, decortication of the lung 
lid not prove successful in inducing obliteration of the cavity, and an 
extensive resection of the chest wall was performed. Resection of the 
posterior segments of all the ribs, from the second to the tenth, 
nclusive, was performed. This interference has been followed not 
nly by correction of the curvature of the spine toward the healthy 
side, but also by a moderate scoliosis projecting toward the diseased 
side, as demonstrated by roentgenograms. Apparently, in this case, 
the complete removal of pressure of the ribs upon the spine has resulted 
in deviation of the spine to the unsupported side. 


CONCLUSION 
Chronic infected open pneumothorax if long continued is followed 
by scoliosis. Curvature of the spine is toward the healthy side of the 
chest, and is consequent upon pressure exerted upon the spine by the 
contracting ribs on the diseased side. 


Correction of the deformity may be accomplished by means of an 
extensive thoracotomy with removal and division of several ribs. 





THE FUNCTION OF THE GALLBLADDER IN 
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MINNEAPOLIS 


sile, a product of liver action, has a dual nature: (1) a secretion, 
a digestive fluid, produced in largest quantities and required most 
abundantly during the periods of digestive activity; (2) an excretion 
formed from the disintegration of hemoglobin in the destruction 
of red blood corpuscles, a continuous process in the body economy. 
The physiologically periodic outflow into the small intestine of a fluid 
continuously produced is maintained supposedly by a reflex mechanism 
between the alimentary canal and the gallbladder, the latter a diver- 
ticulum, so to speak, of the extrahepatic passages in which the bile is 
supposedly stored between the intervals of gastric activity. 

In the gallbladder certain changes occur in the composition of this 
storage bile. There is a loss of water by concentration, a change in 
color and an increase in the specific gravity owing to the addition of 
certain mucins and nucleo-albumins. Whether these changes are essen- 
tial to the body welfare or concerned in the expulsion of bile from the 
gallbladder, it is difficult to say. As a reservoir for bile, the gallbladder 
cannot be considered mechanically adapted not only because of its 
relatively small capacity as compared to the large amount of bile 
secreted but also because of its lack of inherent propulsive power. 
Certain features of a physiologic character, however, indicate that the 
gallbladder and passages exert an important function as regulators of 
biliary flow, and it is with this feature that this paper is primarily 
concerned. 

ANATOMIC CONSIDERATIONS 


According to Hendrickson ' and Helly,? the gallbladder has a moder- 
ate amount of smooth muscle fibers, not arranged with any uniformity 
in definite muscle layers and coats but rather as a smooth muscle 
complex with fibers running in three directions, transversely, longitudi- 
nally, and obliquely ; the greatest number of them run transversely, that 


1. Hendrickson, W. F.: A Study of the Musculature of the Entire Extra- 
hepatic Biliary System Including That of the Duodenal Part of the Common 
Bile Duct and Sphincter, Bull. Johns Hopkins Hosp. 9:221-232, 1898. 

2. Helly: Die Schliessmuskulatur an den Miindungen der Gallen und der 
Pankreasgange, Arch. f. mikr. Anat. 54:614, 1899. 
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is, perpendicular-y to the long axis of the gallbladder. There is a small 
amount of connective tissue between these muscle fibers, and, as a rule, 
the walls are fairly well covered with this muscle complex. As a con- 
tractile mechanism, however, it forms quite a contrast to the more 
definite muscular viscera, such as the urinary bladder, stomach, intestine 
and uterus. 
The wall of the cystic duct has also a plexiform arrangement of 
mooth muscle fibers, extending in the three above mentioned direc- 
ns, the transverse fibers predominating, with only small amounts of 
ngitudinal and oblique fibers. That portion nearest the neck of the 


vallbladder has a considerable amount of muscle tissue ; but this gradu- 


ly diminishes as the common duct is approached, so that at the junc- 


m of the cystic and common ducts it is of very small amount or 
ntirely absent. Inside the cystic duct, there is a peculiar configuration 
the walls described by Heister* in 1732, and since named after 

m “Heister’s valve,” a “spiral valve” arrangement whose function 
is been, supposedly, to permit the passage of bile for storage purposes 
to the gallbladder and to allow its release to meet the demands of 
gestion. Hartmann‘ made a careful macroscopic examination of this 
lve under water, and Faure® studied it grossly by making metal 
odels. These men noted the “bassinet” shape of the cystic duct 
d the angle it made with the neck of the gallbladder. They con- 
ided that it did not have a spiral canal but that the lumen was free, 
ith minor constrictions of the walls, producing a series of valvelike 
ojections not of constant configuration. These leaflets or valves were 
ost numerous in the upper portion of the duct. The upper two were 
e largest and extended about three-fourths the distance around the 
imen of the cystic duct, so that it would be impossible to catheterize 
e duct without breaking the leaflets; there might be resistance to the 
passage of solid matter but hardly, in normal conditions, to liquids. 
errier and Dally ° supported this description, especially regarding the 
presence of the upper two large leaflets, but found a larger number of 
smaller valves in the lower part of the duct. In the specimens they 
examined, the number of leaflets ranged from four to twenty. Hen- 
drickson! has carefully studied the microscopic anatomy of the cystic 
duct valves. According to him, the transverse muscle fibers of the wall 


3. Heister: Compendium anatomicum totam rem anatomicam brevissime 
complectens, Ed. 4, Nuremberg 1:89; 2:65, 1732. 

4. Hartmann: Quelques points de l’anatomie et de la chirurgie des voies 
biliaires, Bull. Soc. anat. de Par. 66:480, 1891. 

5. Faure, J. L.: Quelques points de l’anatomie du canal cystique, Bull. Soc. 
anat. de Par. 66:511, 1891. 

6. Terrier and Dally: Du cathétérisme des voies biliaires, Rev. de chir. 


12:136, 1892. 
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of the cystic duct also run around the valves or leaflets in a circular 
direction. It is as if the wall of the duct was invaginated at the level 
of the valve and the circular muscle fibers carried out into the fold thus 
produced. Most of the longitudinal muscle fibers continue down the 
wall of the duct without entering the valve but some of these bend at 
right angles and enter the valve at the proper level. The oblique fibers 
did not enter the valve and formed no part of the musculature of that 
structure. It is thus seen that the transverse muscle fibers are the 
predominant ones in the valves of Heister. These valves near the 
common duct are very small indeed and have only a few muscle fibers, 
if any. 

The hepatic and common ducts are almost alike in microscopic 
anatomy. There is a very small amount of muscle tissue, with a large 
amount of connective tissue between them. These muscle strands are 
mainly of the transverse variety. 


The duodenal portion of the common duct has, during recent years, 
received considerable attention as the important feature of the mechan- 
ism of biliary control. The presence of some sort of sphincter about 
the orifice of the common duct was suggested by Glisson,’ as early as 
1681. Ruggero Oddi,* however, in 1887 was the first to describe a 
sphincter arrangement, which to this day is known as the sphincter of 
Oddi. After careful study of maceration specimens and microscopic 


sections of the duodenal end of the common duct, he described a definite 
and independent ring of muscle tissue about the mouth of the duct, 
entirely separate from the muscle of the intestinal wall through which 
it plunged, some of the delicate muscle fibers of which were reflected 
upon the sphincter’s external surface. This sphincter, according to Oddi, 
could be put into spasm by irritation, mechanical or chemical, from the 
duodenal side. It was able to withstand an interductal pressure of 
675 mm. of water ; sphincteric action caused an intermittent flow of bile 
into the duodenum and seemed to maintain a definite pressure in the 
hepatic duct system. Oddi also observed the dilatation of the extra- 
hepatic ducts in dogs following the removal of the gallb!adder. Oddi 
made no attempt to demonstrate this sphincter muscle in man. Hen- 
drickson,’ in 1898, and Helly,? in 1899, confirmed the microscopic anat- 
omy, in man, of the sphincter of Oddi as a special and separate entity 
from the intestinal musculature through which the common duct enters 
at the ampulla of Vater. Archibald,® in 1912 and 1913, verified the 


7. Glisson, quoted by Hendrickson, W. F.: Footnote 1. 

8. Oddi, Ruggero: Di una speciale disposizione a sfintere allo sbocco del 
coledoco, Ann. d. Univ. libera di Perugia. Fac. di med. e chir. 2:249, 1886. 

9. Archibald: A New Factor in the Causation of Pancreatitis, Tr. Inter. 
Cong. Med., Surg Sect. Part II, pp. 7-21, 1913; The Experimental Production of 
Pancreatitis in Animals as the Result of the Resistance of the Common Duct 
Sphincter, Surg., Gynec. & Obst. 28:529 (June) 1919. 
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action of the sphincter in maintaining an interductal pressure and 
showed that incision of the sphincter causes a reduction of the high 
interductal pressure from 650 mm. to 70 mm. of water, which low level 
persists for many weeks, if not permanently. He observed the produc- 
tion of acute pancreatitis by introduction of bile and other substances 
into the pancreas under pressures higher than the normal interductal 
pressures and suggested incision of the sphincter of Oddi as one of the 
teps in the surgical treatment of that condition. Judd and Mann,’® in 
1917, by extirpation of the gallbladder in dogs, demonstrated the great 
lilatation of the extrahepatic ducts after cholecystectomy. Following 
the operation, the sphincter is evidently contracted, attempting to main- 
in the normal interductal pressure. The ducts as a consequence 
dilate, and the sphincter, under the continued pressure, becomes 
iralyzed, with ultimate reduction of the interductal pressure. 
NERVOUS CONTROL 
Heidenhain,'' 1861, was the first to make accurate investigation of 
e nervous control of biliary flow. By stimulating the spinal cord in the 
‘rvical region, he obtained an increased flow of bile followed shortly 
iterward by decreased biliary output. Contraction of the gallbladder, 
ith expression of its bile content, accounted for the increased flow; 
ie increased pressure in the biliary passages, produced by the contrac- 
on, acted directly on the secretory cells and caused a decreased 
cretion. 
Doyon,’? 1893, by using the balloon and recorder method, showed 
raphically that the gallbladder underwent spontaneous contractions of 
rhythmic character. By stimulation of the peripheral ends of the 
-planchnic nerves, he obtained a slow contraction of the gallbladder and 
the biliary passages while an inhibiting effect resulted from stimulation 
i the central end. Inhibition of gallbladder tone followed stimulation 
f the central end of the vagus nerve. He believed that the motor 
ibers reached the gallbladder by way of the splanchnic nerves and that 
the vagus nerve carried only afferent fibers from the gallbladder. 

Courtada and Guyon,** 1904, evidently accepted Doyon’s conclusions 
regarding the motor mechanism of the splanchnic nerves and limited 
their efforts mainly to stimulating the peripheral end of the vagus 
nerve, from which they obtained definite motor responses. They 

10. Judd and Mann: The Effect of the Removal of the Gallbladder: An 
Experimental Study, Surg., Gynec. & Obst. 24:437 (April) 1917. 

11. Heidenhain: Studien des physiologischen Instituts zu Breslau, Leipzig, 
Breitkopf and Hartel 2:82, 1863. 

12. Doyon, M.: Contribution a l’étude de la contractilité des voies biliares, 
application de la méthode graphique a cette étude, Arch. de physiol. norm. et 
path. 5:678-710, 1893. 

13. Courtada and Guyon: Action motrice du pneumogastric sur le vesicule 
biliaire, Compt. rend. Soc. de biol. 56:313, 874, 1904. 
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asserted that they had traced these motor fibers into the gastric 
branches of the vagus nerve along the lesser curvature of the stomach 


and indicated that the motor control of intestine, stomach and gall- 


bladder is contained in one and the same nerve, the vagus. Freeze," 
1905, also obtained rapid rhythmic spontaneous contractions of the gall- 
bladder. By stimulation of the splanchnics, he obtained a variety of 
results leading to the conclusion that these nerves contained both motor 
and inhibitory fibers from the gallbladder but that the motor fibers 
predominated. Bainbridge and Dale,'® 1905, also used the balloon and 
recorder method, with modifications, and endeavored to remove a 
number of extraneous factors which undoubtedly influenced Doyon’s 
and Freeze’s conclusions regarding the motor effect of the splanchnic 
nerves. They seem to have proved in no uncertain manner that: 1. 
There are spontaneous rhythmic contractions of the gallbladder. 
2. Stimulation of the splanchnics always results in relaxation of the gall- 
bladder. 3. The vagus contains the motor innervation of the gallbladder. 


CHEMICAL HORMCNE REFLEX CONTROL 

Claude Bernard,’® 1856, was the first to observe the stimulating 
effect of acids upon the duodenal orifice of the common duct, a sudden 
gush of bile into the intestines resulting from such an application. 
Heidenhain,"' 1861, attributed the sudden gush of bile occurring at a 
certain interval after a meal to the stimulating action of the acid and 
chyme upon the biliary papilla, causing a reflex stimulation of the gall- 
bladder. Rutherford,'? 1880, observed that the introduction of nitro- 
hydrochloric acid into the duodenum stimulated liver secretion. 
Wertheimer ** also observed, in 1890, increased biliary outflow in case 
acid is introduced into either the duodenum or upper jejunum. Baylis 
and Starling,’® 1902, using purified specimens of secretin (removal of 
depressor substance) intravenously, obtained an increased secretion of 
bile quite similar to the pancreatic outflow. Fleig,?” 1904, noted that 

14. Freeze, J. A.: The Force of Contraction of the Gallbladder and the 
Course of Its Motor and Inhibitory Nerve Fibres, Bull. Johns Hopkins Hosp. 
16:235, 1905. 

15. Bainbridge and Dale: The Contractile Mechanism of the Gallbladder and 
Its Extrinsic Nervous Control, J. Physiol. 33:138, 1905-1906. 

16. Bernard, Claude: Lecons de physiol. exper., 1856, p. 429. 

17. Rutherford, Vignol and Doods: An Abstract of an Experimental 
Research on the Physiological Actions of Drugs on the Secretion of Bile, Tr 
Roy. Soc. Edin. 29: 133, 1880. 

18. Wertheimer: De l’action et du chloral sur la secrétion biliaire, Compt 
rend Soc. de biol. 55:286, 1903. 

19. Baylis and Starling: The Mechanism of Pancreatic Secretion, J. Physiol. 
38:21, 1°02. 

20. Fleig: Du mode d'action des excitants chimiques des glandes digestives, 
Arch. internat. de physiol., 1904, p. 286. 
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the intravenous injection of blood from an isolated loop of duodenum- 
jejunum into which 0.5 per cent. hydrochloric acid had been introduced 
caused a similar increase in bile flow. On the other hand, Bainbridge 
and Dale,*® 1905, found no reflex effect on gallbladder contractions when 
0.4 per cent. hydrochloric acid was injected into the duodenum or applied 
directly to the papilla or even when the papilla was electrically 
stimulated. 

Prevost and Binet,”* 1888, found great acceleration of biliary secre- 
tion on introduction of peptone into the stomach. Doyon,?* 1897, on 

other hand, concluded that peptone introduced into the stomach 

d an inhibiting effect upon the secretion of bile but caused an expul- 

n of bile from the gallbladder through vigorous contractions. Ascher 

| Barbera,?* 1904, injected peptone intravenously into dogs with 

rmanent biliary fistula and observed increased flow of bile. Fleig ”° 
ted also the increase in biliary flow on introduction of peptone into 
intestine ; and since the increase was more pronounced after ligation 
the cystic duct, he concluded that it was essentially secretory in 
iracter, produced by reflex stimulation of the liver cells. A moderate 
mulating effect of meat extract upon the biliary flow in animals with 
wlow stomachs was noted by Bruno; but quite opposite findings are 
orted by Klodnizka.** Fleig ?° found no acceleration of bile flow on 
ection into the rectum or into the blood stream of meat extracts or 
at extract solutions of gastric or duodenal mucosa or on intravenous 
ection of blood from duodenal loops that contained in their lumen the 
ve named solutions. More recently, Rost,?* 1913, working with 
imals with duodenal and biliary fistulas, asserts that he has found 
immediate discharge of bile as a result of the contractions of the 
lIbladder and a relaxation of the sphincter of Oddi when peptone 
as injected into the open duodenal fistula. 
Nasse and Ritter 2° showed that a meat diet called forth a larger 
biliary outflow than a carbohydrate diet and that fat, in small quanti- 
21. Prevost, J. E., and Binet, P.: Recherches expérimentales relatives a 
iction des médicaments sur la sécrétion biliaire et a leur élimination par cette 
sécrétion, Rev. méd. de la Suisse Rom. 8:249, 313, 368, 1888. 

22. Doyon, M., and Dufourt, E.: Contribution a l'étude de la sécrétion 
biliaire, Arch. de physiol. norm. ct path. 8:587, 1897. 

23. Ascher and Barbera, quoted by Fleig: Arch. internat. de physiol., 1904, 
p. 286. 

24. Bruno and Klodnizka, quoted from Babkin: Die aussere Sekretion der 
Verdauungsdriisen. 

25. Rost, F.: Die funktionelle Bedeutung der Gallenblase. Experimentelle 
und anatomische Untersuchungen nach Cholecystektomie, Mitt. a. d. Grenzgeb. 
d. med. u. Chir. 26:710, 1913. 

26. Nasse and Ritter, quoted from Stadelmann: Der Icterus, 1897. 
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ties, had a stimulating effect upon the bile flow, which was lacking 
with larger quantities. Bidder and Schmidt ** found that continued 
meat diet increased the secretion of bile, while a continued fat diet 
diminished the secretion to a level found in starvation. The latter 
conclusion was confirmed by Prevost and Binet ** in 1888. Rosenberg,?* 
1890, believed that fat possessed a greater stimulating effect upon bile 
secretion than either a protein or carbohydrate diet; his observations 
indicated an interval or periodic secretion of bile at the usual time 
of feeding, the food itself not being a necessary factor. Albertoni and 
Barbera,”® 1895, concluded that the greatest secretion occurred on a 
protein diet, less on a fat diet and very little or insignificant secretion 
on a carbohydrate diet. On a mixed diet, the ultimate biliary effect 
depended upon the predominant constituent; the duration of secretion 
was, however, longest on a fat diet, shorter on a meat diet and very 
short on a carbohydrate diet. On a mixed diet the duration of secretion 
also depended upon the amount of fat and protein present. They also 
observed that while the amount of bile secreted during starvation 
diminishes to a marked degree, there is never a complete cessation of 
secretion even up to the time of the death of the animal. 

Schiff,*° 1870, and later Rosenberg,”* 1890, noted that introduction 
of bile into the alimentary canal was followed by an augmented flow 
of bile of increased concentration in contrast to the usual diluted bile 
produced by the action of ordinary cholagogues. This led him to 
infer that the bile was absorbed and re-excreted as a whole, thus forming 
a continuous circulation of bile, as it were, between the intestine and 
the liver. Socoloff,*t 1875, was led to believe otherwise, holding that 
the liver was incapable of resecreting the bile that had once been 
secreted and absorbed into the blood stream. He believed the augmented 
secretion was due to the mechanical passage of these absorbed sub- 
stances from the blood which was overcharged with them. Rosenberg, 
however, points out that while this would account for the increased 
secretion, it would hardly account for the increased concentration which 
is found experimentally. 


Okada,** 1914, in a well inanaged, extensive series of feeding experi- 
ments on dogs, with permanent biliary fistulas and ligation of the com- 


27. Bidder and Schmidt, quoted from Hermanns Handb. d. Physiol. 5:256. 

28. Rosenberg: Ueber die cholagogische Wirkung des Olivendls im Vergleich 
zu der Wirkung einiger andern Cholagogen Mittel,-Arch. f. Physiol. 46:334, 1890. 

29. Barbera: L’eliminazione della bile nel digiuno e dopo differenti gener 
di alimentazione, Arch. ital. de biol. 23:165, 1895. 

30. Schiff: Bericht tber einige Versuchsreiben, Arch. f. d. ges. Physiol. 
11:589-624, 1870. 

31. Socoloff: Ein Beitrag zur Kenntnis der Lebersekretion, Arch. f. d. ges. 
Physiol. 11:166, 1875. 

32. Okada: On the Secretion of Bile, J. Physiol. 49:457-482, 1914-1915. 
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mon duct, by feeding by stomach, the more normal way, and by 
excluding many extraneous factors and extending his observations over 
longer periods after feedings, confirmed or refuted many of these 
former diversified conclusions. From his experimental findings he 
drew these conclusions: 1. There is little difference between the secre- 
tory effect of a diet of bread, butter and meat during six or seven hours 
if these substances are introduced in quantities of similar caloric values. 
Starvation decreases the secretion of bile and also the stimulating 
fect of feeding upon the liver. 3. Fat, acid, peptone, meat extract, 
ile and bile salts, all produce increased secretion of bile. Bile and bile 
salts produce an augmentation of concentrated bile, the others of a 
iore dilute bile. 4. Cane sugar, water and sodium carbonate have 
ttle or no effect upon the secretion of bile. 5. Intravenous injections 
secretin and peptone cause increased secretion of a dilute bile. 6. 
iliary flow in response to acid stimulation exhibits a course quite 
milar to that displayed by the pancreatic secretion. 
LAW OF CONTRARY INNERVATION 

In 1917 Meltzer ** applied the law of contrary innervation to explain 

ie interrelated and coordinated action of relaxation of the sphincter 

Oddi and the simultaneous contraction of the gallbladder in the 

iechanism of biliary control. He had previously noted “that the local 
pplication of a 25 per cent. solution of magnesium sulphate to the 
luodenal mucosa had caused a completely local relaxation of the intes- 
nal wall.” No such action was noted when the salt was introduced 
irough the stomach. He made the practical suggestion that in some 
athologic conditions this coordinated nervous mechanism might be 
listurbed, as by some spasticity or rigidity of the sphincter. In such 
cases, the instillation of concentrated magnesium sulphate, through a 
luodenal tube, might cause a relaxation of the nonfunctioning sphincter, 
with relief of the distressing symptoms caused by cessation of biliary 
flow into the duodenum. 

Lyon,** in a large series of cases and in several articles, claims to 
have confirmed Meltzer’s theory in a practical manner. The instillation 
of concentrated magnesium sulphate into the duodenum by a duodenal 
tube, in human subjects, was followed by the evacuation of bile in 
large quantities; and he has been able to segregate and examine the 
bile coming from (1) the common duct, (2) the gallbladder, and (3) 
the liver. He believes that the method is of much moment in the 
nonsurgical drainage of the gallbladder and biliary passages. He con- 


33. Meltzer: The Disturbance of the Law of Contrary Innervation as a 
Pathological Factor in Diseases of the Bile Ducts and the Gallbladder, Am. J. 
M. Sc. 153:469-477 (April) 1917. 

34. Lyon, B. B. V.: Diagnosis and Treatment of Diseases of the Gallbladder 
and Biliary Tract, J. A. M. A. 73:980 (Sept. 27) 1919. 
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siders concentrated magnesium sulphate a “chemical messenger,” 
hormone, which has the ability not only to cause relaxation of the 
sphincter of the common bile duct but also to cause simultaneously 
the contraction of the gallbladder and the expulsion of its contents. 

No definite laboratory demonstration of the law of contrary inner- 
vation in the gallbladder mechanism has ever been shown and it is with 
this feature that the experimental data herewith given have been 
concerned. 

EXPERIMENTAL DATA 

Examination of the duodenum of a dog during the fasting stage 
reveals a slightly elevated papilla discharging no bile. Inserting a fine 
dropping glass cannula into the lumen of the common duct through the 
papilla, one can obtain a sudden gush of a few drops of bile, bile from 
the common duct and biliary passages, maintained there, no doubt, by 
the competent sphincter of Oddi. There then follows a drop of bile 
at long intervals, this bile being the continuous secretion of the liver. 
During digestion, there is a continuous flow of yellow thin bile into 
the duodenum. The papilla then is easily stimulated to contraction by 
rubbing with gauze, flicking with the finger or by chemical irritation 
The duct appears suddenly to contract, becomes slightly erect, and the 
flow of bile ceases for from fifteen to thirty seconds. Relaxation fol- 
lows and the continuous flow of bile is reestablished. In the fasting 
stage relaxation of the closed sphincter was readily obtained by mechan- 
ical and chemical irritation, being followed by a small momentary 
expulsion of bile. It is extremely difficult to say whether the papilla 
alone was stimulated; the reaction always seemed to include the 
duodenum surrounding the base of the papilla, and if the stimulus wa: 
great enough, to involve the whole segment of the duodenum and even 
to cause a progressive peristalsis. 


SPHINCTER PRESSURE 

With the ampulla exposed through an opening in the duodenum, 
with a right-angled cannula inserted into the common duct, with the 
open end toward the ampulla and connected with a pressure bottle 
filled with water deeply colored with methylene blue as an indicator, 
the sphincter pressure was determined in a series of dogs. By carefully 
elevating the pressure bottle, a level is reached at which there is a 
continuous flow of colored fluid through the papilla. When the pres- 
sure bottle is lowered slowly, there is a spurt of bile through the orifice, 
decreasing in quantity, with every respiratory effort, the respiratory 
impulse being transmitted through the diaphragm to the intestine as a 
wave. This continues until a still lower level is reached where no 
fluid is expelled through the orifice. The lower level represents, 
undoubtedly, the absolute pressure maintained or supported by the 
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sphincter of Oddi. The former level seems to represent this sphincter 
pressure plus the resistance of the valvelike effect produced by the 
oblique course of the terminal end of the common duct through the 
duodenal wall. Local application, by a cotton swab or by dropper, was 
then made to the papilla and neighboring duodenum of (1) 25 per cent. 
magnesium sulphate, (2) 5 per cent. peptone solution, (3) 0.4 per cent. 
hydrochloric acid, (4) 0.4 per cent, sodium hydroxid. Measurements 
of the sphincter pressure both before and after application in each case 
were made. The reaction appears to be mainly a local one, affecting 
both the papilla and the duodenum. It is of short duration and normal 


TABLE 1.—DEeETERMINATION OF THE PRESSURES AT THE SPHINCTER OF OppI 
IN A SERIES OF Docs 


Pressures in Mm. of Water 


Animal; Animal]| Animal; Animal 
| 2 3 4 


Animal! Animal] Animal]| Animal 
7 - ~ ° 


oO 6 ri 
Normal: 
Total pressure.......... ee 14 270 364 190 170 340 420 244 
Sphincter pressure.... ada 90 160 100 110 94 140 210 114 
Rs ki gbescase.cc eee C0 110 264 80 76 200 210 130 
Magnesium Sulphate: 
Sphincter pressure—before. . 100 156 104 110 100 150 210 108 
Sphincter pressure—after..... 40) 62 48 60 42 60 120 38 
RES Sree 60 94 56 5O 58 90 90 70 
eptone, 5 per cent. solution: 
Sphincter pressure—before... 92 160 102 106 104 146 184 120 
Sphincter pressure—after..... 72 112 70 82 86 96 142 84 
eter 20 48 32 24 18 5O 42 36 
\cid, 0.4 per cent. hydrochloric: 
Sphincter pressure—before.. 92 148 110 116 98 152 200 132 
Sphincter pressure—after...... 114-52 30 142-70 70 62 268-78 80 410-72 
Difference........ eer 40) 118 40 46 36 74 120 60 
lkali, 0.4 per cent. sodium hy- 
droxid: 
Sphincter pressure—before.. 98 144 112 122 104 148 190 126 
Sphincter pressure—after.... 112 150 320-82 128 180-82 122 320-180 673-460 
a San rs cntbeeeences 24 6 30° 6 22* 26 10+ 334+ 


Return to normal pressure in five minutes. 
+ Prolonged increase in interductal pressure; no return to normal in twenty minutes 


conditions are readily established. The results in eight typical cases, 
in dogs ranging from 35 to 45 pounds (15.9 to 20.4 kg.) in weight, 
are given in Table 1. 


EFFECT OF MAGNESIUM SULPHATE ON SPHINCTER PRESSURE 


1. The absolute sphincter pressures here determined are somewhat 
lower than those usually given. Oddi and Archibald ® found unusually 
high values, from 650 to 675 mm. of water. Herring and Simpson *° 
report pressures of from 200 to 300 mm. Mann * finds most of them 

35. Herring and Simpson: The Pressure of Bile Secretion and the Mechan- 
ism of Bile Absorption in Obstruction of the Bile Duct, Proc. Roy. Soc., 
London 79:517-532, 1907. 

36. Mann, I. C.: The Function of the Gallbladder: An Experimental Stuy. 
New Orleans M. & S. J. 71:80 (Aug.) 1918. 
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ranging between 100 and 150 mm. McWhorter ** reports the majority 
between 100 and 200 mm., with some as low as 50 mm. and others as 
high as 580 mm. of water. Smoothness of anesthesia, peristalsis, trans- 
mitted respiratory pressure, pressure from contiguous organs, all have 
their effect in modifying the results obtained ; one gains the impression, 
however, that if all the extraneous factors could be removed, the 
absolute pressure maintained by the papillary sphincter of Oddi would 
be much lower than usually supposed, probably less than 150 mm. of 
water. 

2. Magnesium sulphate does produce a relaxation of the papillary 
sphincter with reduction of the interductal pressure. As Meltzer has 


said, it produces a “completely local relaxation” ; it involves the sphincter 


and the surrounding duodenum, and with an increase in the amount 
of the magnesium salt, there is segmental relaxation, leading to advanc- 
ing peristalsis. The latter is especially well marked when magnesium 
sulphate in larger amounts (from 5 to 10 c.c.) is injected through the 
wall into the lumen of the bowel. A regular advancing peristalsis of the 
duodenal tube follows. 

3. Local application of magnesium sulphate is followed by a momen- 
tary relaxation of the sphincter followed by a spurt of bile from the 
papillary orifice and a lowered intraductal pressure. Normal pressure 
is readily established, usually in less than two minutes and most com- 
monly in less than one minute. When larger amounts of the magnesium 
salt are left in the unopened bowel, the relaxation may be of longer 
duration and complicated by the characteristic active peristalsis. It is 
quite impossible from the determinations made to conclude whether 
there was produced a local complete relaxation. McWhorter does not 
find the sphincter completely relaxed. Making the determinations as 
quickly as possible, the lowest intraductal pressure found in the animals 
under observation was 30 mm. of water. McWhorter has also reported 
changes in the intraductal pressure, from the application of magnesium 
sulphate to the duodenal mucosa, of from 50 to 100 mm. of water. 

4. Much less relaxation was obtained by application of a 5 per cent. 
peptone solution. Acids, 0.4 per cent., tend to be followed by a con- 
traction, with increased intraductal pressure but with a subsequent 
decrease in pressure greater than that caused by peptone. As a rule, 
alkali, 0.4 per cent. sodium hydroxid, was followed by a contraction and 
a long enduring increase in the intraductal pressure, the return to normal 
being delayed in some instances to twenty minutes. There seems to 
be a definite shrinking of the mucosa with the stronger acids and 
alkalis, and this no doubt alters the findings. Acids and alkalis, stronger 


37. McWhorter, G. L.: The Surgical Significance of the Common Bile Duct 
Sphincter, Surg., Gynec. & Obst. 32:124-129 (Sept. 17) 1921. 










































JACOBSON-GYDESEN—GALLBLADDER 385 


than 0.4 per cent. would not be encountered in the duodenum normally, 
and such results would have no special relation to the normal human 
mechanism. 

Attempts were made to show graphically the change in the intra- 
ductal pressure in the common duct and in the gallbladder, if any, from 
the application of magnesium sulphate to the duodenal mucosa and the 
biliary papilla. The pressure is quite low and it was difficult to get a 
graphic record of the pressure change. A cannula was inserted into 
the common duct of an unusually large dog. To the free end was 
attached a very thin rubber balloon filled with water and in equilibrium 
with the intraductal pressure. This was introduced into a glass tube or 
bulb filled with oil and connected to a delicate piston, a lever recording 
manometer to record on a revolving smoked drum. Any change in the 
intraductal pressure was accompanied by a movement of the lever. Two 
different methods were used to determine the gallbladder pressure. In 
one there was cannula, balloon, water and oil manometer system, like 
that used for the common duct. In the other method, a balloon of very 
thin rubber was inserted into the gallbladder, filling it completely. The 
balloon was filled with thin oil and connected with a recording mano- 
meter and smoked drum. In no case was there any evidence of a 
change in the gallbladder pressure, either in the nature of a relaxation 
or of a contraction of the gallbladder itself, as a result of the application 
of the magnesium sulphate to the duodenal mucosa. A definite fall in 
the intraductal pressure in the common duct was demonstrated. 
Figure 1 shows a definite lowering of pressure in the common duct and 
no appreciable change in the gallbladder pressure on the application of 
25 per cent. magnesium sulphate to the mucosa of the duodenum. 


GALLBLADDER PRESSURE AND MAGNESIUM SULPHATE 


The absence of any definite gallbladder effect due to the application 
of concentrated magnesium sulphate to the duodenal mucosa and the 
biliary papilla was further substantiated by the following procedures. 

1. A fine water manometer attached to the gallbladder showed 
neither rise nor fall in pressure on such application of magnesium sul- 
phate to the duodenum, though it was accompanied by a relaxation of 
the sphincter of Oddi and by a spurt of yellow bile through the papillary 
orifice. 

2. With a fine right angled dropping cannula inserted into and 
attached to the fundus of the gallbladder, the gallbladder normally 
empties itself according to the following rate and curve plotted for that 
particular cannula and gallbladder: first five minutes, 59 drops; second 
five minutes, 55 drops; third five minutes, 48 drops; fourth five 
minutes, 38 drops; fifth five minutes, 28 drops, and sixth five minutes, 
10 drops. 
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When concentrated magnesium sulphate was applied, there was no 
change in the rate or curve. If a relaxation followed such an appli- 
cation, one would expect the altered curve to take the general form 
indicated by the dotted lines C in Figure 2. If a contraction had 
followed such application, the curve would take the general form 
illustrated by the Curve B. 





































FLOW OF GALLBLADDER BILE AND OF LIVER BILE 





The common duct was catheterized with a fine dropping cannula and 
the normal biliary flow ascertained in drops for five minute intervals. 
Five c.c. of bile was carefully removed by an aspiration needle from 
the gallbladder and replaced by 5 c.c. of strong methylene blue bile 
solution in order to have an indicator of gallbladder bile, should it be 
expelled through the cannula. Drops from the cannula were recorded 
electrically on the revolving smoked drum. Five cubic centimeter 
amounts of 25 per cent. magnesium sulphate, of 5 per cent. peptone, 
of 5 per cent. meat extract, of 0.4 per cent. hydrochloric acid, and of 
0.4 per cent. sodium hydroxid were injected into the duodenum by 
needle through the bowel wall and the biliary flow was registered on the 
drum. Return to normal flow occurred usually one half hour before 
another substance was injected. Ether anesthesia was maintained as 
evenly as possible. This procedure was carried out in eight animals. 
Three representative findings are given in Table 2. Figure 3 gives the 
curves of these effects for Animal 1. 

The data show an increased biliary flow on injection of acid, meat 
extract, peptone and magnesium sulphate, with increasing amounts in 
the order named. There was only moderate increase in the flow fol- 
lowing the magnesium sulphate and practically none with the alkali. 
The earliest augmentation was noted with the acid and the most 
delayed with the peptone. The bile secreted was that characterized 
as “liver bile,” a thin yellowish fluid of low specific gravity. These 
results conform quite well with Okada’s findings in animals with biliary 
fistula and in feeding by stomach. There were variations noted in the 
bile flow with changes in the respiratory rate, depth of anesthesia, with 
peristalsis and at times suggestive of cumulative effects of the sub- 
stances injected. In no case, however, was gallbladder bile expelled or 
was there any evidence to indicate contraction of the gallbladder. 
Crohn, Reiss, and Radin,** in a recent article, report that they also 
failed to see any evidence of gallbladder bile being discharged even 
during active digestion; and they found no substance capable of 
causing expulsion of the bile from the gallbladder when applied to the 









38. Crohn, B. B.; Reiss, J., and Radin, M. J.: Experiences with Lyons Test 
(Magnesium Sulphate Lavage of the Duodenum), J. A. M. A. 76:1567-1571 
(June 4) 1921. 
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duodenal mucosa. They were led to believe that the gallbladder was 
decidedly an inactive organ that took little action in the physiologic 
production, storage or expulsion of the bile. In the experimental work 
herein recorded, the only instance in which gallbladder bile was obtained 
from the common duct cannula, except on forcible mechanical 
expression from the gallbladder, occurred on introduction of 200 c.c. 
of 0.4 per cent. hydrochloric acid into the duodenum. Confirmatory 
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Fig. 2—Effect of application of concentrated magnesium sulphate on rate 
of biliary flow: A, rate of flow; B, curve illustrating rate following contraction, 
and C, curve illustrating rate following relaxation. 


of the work of Okada, there occurred in every case a long enduring, 
pronounced increase of flow of thin, dilute yellowish bile. In three 
of eight instances, however, the flow throughout was stained with 
methylene blue, indicative of gallbladder bile under the conditions of 
the experiment. In no other instance was gallbladder bile seen in the 
flow nor was there any visible manifestation of any contraction of 
the gallbladder. Figure 4 shows the long enduring biliary flow follow- 
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ing the introduction of 200 c.c. of 0.4 per cent. hydrochloric acid into 
the duodenum and the similarity of its flow to the pancreatic secretion 
under the same stimulus. 

The experimental data herein presented fail to indicate that 
magnesium sulphate caused any contraction of the gallbladder or pro- 
duced any expulsion of its bile content. Recently, Dunn and Connell.*® 
in a human subject, with duodenal fistula and from whom the gall- 





TABLE 2.—EstTIMATION OF T1ME OF SECRETION OF BILE IN THE DoG 


Amount in Drops from 
Time, Fine Cannula Remarks 
Minutes — - 





Dog 1 Dog 2 Dog 3 
Magnesium sulphate: 
Before injection....... 5 28 32 23 Thin yellow bile 
10 26 35 21 No gallbladder bile 
PS ee eee ee 5 28 29 20 
10 36 33 28 
15 32 40 27 
20 25 32 22 
25 25 \53/ 19 
30 22 - oe 14 
Peptone solution, 5 per cent.: 
ae 5 22 39 22 Thin yellow bile 
10 20 35 19 No gallbladder bile 
DE ic ekéintcexescnseins 5 22 3: 






Meat extract, 5 per cent. solution: 
ONG Ms ccc cevesececeses 5 25 32 18 Thin yellow bile 

10 19 30 14 No gallbladder bile 

ROOT Tis c B6 nos icon vteeves 3 







Acid, hydrochlorie, 0.4 per cent.: 
BetOre TMICSIOM. 26 ccs ccccccess 5 22 26 17 Thin yellow bile 
10 26 24 22 No gallbladder bile 






Bg re eee 











Alkali, sodium hydroxid, 0.4 per cent. 
DORON TRSMREIOR, 6c cccscccccccecss 5 18 24 23 Thin yellow bile ‘i 


10 22 20 17 No gallbladder bile 
I Sisto sek cdnsceenscs 2 7 22 


bladder and common duct had been removed, were able to get the 
increased biliary flow and the sequence of “A, B, C Bile” from the 
injection of magnesium sulphate either into the stomach or into the 
duodenum. This sequence, according to Lyon’s theory, depended upon 






39. Dunn, A. D., and Connell, K.: Report of a Case of Hepatoduodenostomy, 
With Some Observations on the Lyon-Meltzer Method of Biliary Drainage, 
J. A. M. A. 77:1093-1096 (Oct. 1) 1921. 
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the integrity of the gallbladder and the common duct and the expulsion 
of their contained bile under the effect of this concentrated magnesium 
sulphate solution. 
FUNCTION OF THE GALLBLADDER 
It seems quite evident that the major part of the biliary secretion, 
the digestive fluid at least, is produced by hormone stimulation to meet 
the demands of digestion and in a manner identical with that con- 
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Fig. 3—Effects of injection of acid, meat extract, alkalis, peptone and mag- 
nesium sulphate on rate of biliary flow. 


trolling the pancreatic secretion. The period of most abundant bile 
production seems to coincide with the passage of the acid chyme into 
the intestine, and the liver continues to produce it as long as the 
digestive functions demand it. The smaller portion of the biliary flow, 
the continuous secretion, finds its way into the gallbladder and is there 
stored up until active digestive processes allow its evacuation. As a 
reservoir, the gallbladder has been said to be poorly adapted mechanically 
for such a function, both because of its small relative capacity to the 
large amount secreted during the twenty-four hours and also because 





JACOBSON-GYDESEN—GALLBLADDER 391 


of its lack of inherent, efficient propulsive powers. Mayo *° has indi- 
cated that its storage capacity is only from one fortieth to one fiftieth of 
the twenty-four-hour secretion, and Mann * states that it can afford 
storage for about the amount secreted in one-half hour of active liver 
function. 

Under normal conditions, one does not meet with a distended gall- 
bladder, distended as that organ may become under certain pathologic 
or mechanical conditions. In common duct obstruction we may see 
a tense well-filled gallbladder; but one does not encounter the huge 


Drops of secretion. 
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Fig. 4—Comparison of biliary flow and pancreatic secretion following the 
introduction of 200 c.c. of 0.4 per cent. hydrochloric acid into the duodenum. 


distended bladder. This is usually explained by saying that the storage 
of bile ceases when the biliary pressure is equal to the secretory pressure 
of the liver, usually given as 350 mm. of water. The liver at this 
pressure does not cease to secrete bile; but this, probably, is the pressure 
at which the bile secreted escapes from the obstructed bile ducts into 
the blood stream at the margins of the liver lobules. The large distended 
gallbladders are encountered in cystic duct obstruction in which the 
gallbladder is distended, not with the bile from the liver, but with its own 
secretion, produced as a result of a pathologic condition of the gall- 


40. Mayo, W. J.: “Innocent” Gallstones a Myth, J. A. M. A. 56:1021 (April 


8) 1911. 
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bladder wall. On the other hand, increase in pressure in the fundus 
of the gallbladder tends to prevent entry or exit of bile to, or from, 
the gallbladder beyond a certain pressure by kinking the S-shaped por- 
tion of the neck of the gallbladder and cystic duct. Inability to express 
bile from the gallbladder by manual pressure may or may not be 
indicative of a pathologic condition of the bladder. One can fill the 
gallbladder with fluid to a very high pressure, almost to the point of 
rupture, and get no flow from the cystic duct; straightening out the 
neck and the cystic duct by a little pressure on the S-shaped portion 
will immediately produce an abundant flow of bile. One can readily 
see how this S-shaped portion, neck or ampulla of the gallbladder, pre- 
vents the gallbladder from becoming overdistended and also how an 
inflammatory condition of the gallbladder and biliary passages might 
so modify the configuration of the neck, ampulla, cystic duct and 
leaflets as to make it a nonfunctioning gallbladder. 

In a recent article, Rous and McMaster *! have given us an insight 
into another function of the gallbladder and biliary passages. Using 
bile pigment in the bile as the criterion, they found a concentration of 
bile to ten times the normal in gallbladders which had been emptied 
and allowed to fill in vitro. In distended bladders, the concentration 
was about nine times the normal in the twenty-four hours. Mere 
passage of bile through the gallbladder concentrated the bile from two 
to four times. This was done by the abstraction of water. The gall- 
bladder was thus made a rather capacious organ not so much from its 
size as from its singular power of reducing the bulk of the fluid reach- 
ing it. By this concentrating power it was enabled to maintain the liver 
output between the periods of gastric activity. According to these men, 
the gallbladder and the ducts have opposite influences upon the bile. 
Stasis of bile, connected with or in conjunction with, the gallbladder, 
always results in a thick, black syrupy bile due to this concentrating 
effect of the gallbladder. On the other hand, stasis of bile unassociated 
with the gallbladder results in a thin “white bile’ due to the diluting 
effect of a specific duct secretion. The ducts evidently have the power 
of secreting a characteristic fluid of their own even under pressures 
great enough to cause distention of their tough and inelastic walls, a 
secretion that is devoid of cholates even when the rest of the organism 
is heavily jaundiced. 

As far as has been ascertained clinically, the removal of the gall- 
bladder has resulted in no special detrimental effects. In the Mayo 
Clinic, cholecystectomized patients showing no untoward symptoms have 
been followed for more than fifteen years. Mann has kept cholecystec- 
tomized dogs for three and one-half years, and they appear to be normal 


41. Rous, P., and McMaster, P. D.: Concentrating Activity of the Gallbladder, 
J. Exper. Med. 34:47 (July) 1921; Physiological Causes for the Varied Char- 
acter of Stasis Bile, J. Exper. Med. 34:75 (July) 1921. 



















































JACOBSON-GY DESEN—GALLBLADDER 393 






as far as nutrition and outward appearances are concerned. Judd and 
Mann have shown the great dilatation of the extrahepatic passages and 
the reduction of intraductal pressure with relaxation of the sphincter of 
Oddi following removal of the gallbladder. Eisendrath and Dunlavy * 
and Haberer and Clairmont ** have reported cases in which the incom- 
pletely removed cystic ducts have dilated to form structures similar to 
the gallbladder and which supposedly function like one. Rost > has 
shown that animals subjected to cholecystectomy formed two groups: 
(1) those with continent sphincters and with dilated bile ducts, the action 
of which was similar to that of a gallbladder ; (2) those having inconti- 
nent sphincters and with little or no dilatation of the ducts. In these 
there was a constant dribbling of bile into the duodenum. During fasting 
periods, in certain of these animals, the biliary flow was so profuse as 
to be voided in the stools. Rost has also found a decrease in the secre- 
tion of bile and pancreatic juice in cholecystectomized animals after a 
test meal or after the injection of large amounts of acid chyme into 
the duodenum. 

The gallbladder seems mechanically placed as a distensible pouch 
or bag interposed in a system of biliary tubes for the purpose of 
minimizing extremes of pressure within that system, as when bile comes 
too rapidly from the liver or when its passage into the duodenum is 
prevented by the sphincter of Oddi. It is doubtful whether, under 
normal conditions, the intraductal or gallbladder pressure ever exceeds 
350 mm. of water, the pressure required for obstructive symptoms. 
forced movements of the abdominal muscles, of diaphragm and con- | 
tiguous organs produced by excessive respiratory movements, struggling, 
vomiting, violent peristalsis, all undoubtedly produce fluctuations in pres- 
sure that are equalized by the gallbladder. The production of mucus and 
the concentrating power of the gallbladder itself in contrast to the 
biliary passages are indicative of some distinctive and purposeful differ- 
entiation of that organ for present function or possibly of a function 
that is more actively important in the embryologic history of that struc- 
ture. The fact that on removal of the gallbladder no special detrimental 
effects develop clinically may also be indicative of the wonderful adapti- 
bility of the human mechanism to such an altered condition as well as 
confirmatory of any lack of present function. One wonders whether the 
gallbladder is in the same category, with respect to function, as the 
vermiform appendix. 





42. Eisendrath, D. M., and Dunlavy, H. C.: The Fate of the Cystic Duct 
After Cholecystectomy, Surg., Gynec. & Obst. 26:110 (Jan.) 1918. 

43. Haberer and Clairmont: Experimentelle Untersuchungen iiber das Ver- 
halten des Cysticusstumpfes nach Cholecystectomie, Arch. f. klin. Chir. 73:679, 
1904. 
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SUMMARY 


1. Bile as a secretory product of the liver is produced probably 
through hormone stimulation associated with the production of acid 
chyme in the stomach. The height of biliary flow is coincident with 
the passage of the acid chyme into the duodenum. 

2. There is a marked similarity between the curve of bile production 
and that of pancreatic secretion. 

3. The smaller continuous secretion of the liver is stored in the 
gallbladder, which acts as a reservoir, until evacuated by the demands of 
digestion. The storage capacity of the gallbladder is augmented by its 
remarkable concentrating power. 

4. The S-shaped configuration of the neck and ampulla of the gall- 
bladder prevents overdistention of the gallbladder. When over- 
distended it prevents the exit of bile. By altering the peculiar con- 
figuration of this portion of the gallbladder and cystic duct, inflamma- 
tory conditions may readily produce a nonfunctioning gallbladder. 

5. The sphincter of Oddi, a definite muscle entity at the duodenal 
end of the common duct, sustains an absolute pressure of about 150 mm. 
of water. The gallbladder undoubtedly equalizes the great fluctuations 
in this pressure due to movements of the abdominal muscles and con- 
tiguous organs. Cholecystectomy tends to produce a lowered intra- 
ductal pressure and a relaxed tone of the sphincter of Oddi. The 
sphincter is probably under reflex nervous control associated with the 
passage of acid chyme into the duodenum and with intrinsic movements 
of the duodenum itself. 

6. Magnesium sulphate does produce a complete, local relaxation 
of the duodenal wall and the papillary sphincter, with reduction of the 
intraductal pressure. Relaxation is transient and is usually accompanied 
by a flow of bile from the orifice. 

7. There was no evidence that concentrated magnesium sulphate 
produced any contraction of the gallbladder or any specific change in the 
gallbladder pressure. The augmented biliary flow from its application 
is probably due to the evacuation of the bile from the bile ducts as a 
result of sphincter relaxation and also to the stimulating effect of the 
salt upon the liver secretion. 

8. Flow of bile from the gallbladder has been produced in certain 
cases by injection of large amounts of 0.4 per cent. hydrochloric acid 
into the duodenum. This probably is the mechanism of its discharge 
at the beginning of digestion. 


9. The production of mucus and the concentrating power of the gall- 
bladder are suggestive of some purposeful differentiation of that struc- 
ture, although its removal has been, in human beings, without any 
definite, clinically demonstrable deleterious effects. 
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NEW ORLEANS 


Since the original study of this series proved that there are so 
many possible sources of error from lack of proper appreciation of the 
appearance of normal joints at all ages, effort has been made to study 
the hip, knee and shoulder in a manner similar to the methods adopted 
n studying the elbow. The fact that there are more sources of error 
in interpreting the elbow than in any other joint in the body encouraged 
further study. 

Francis Howard Williams, in 1902, made the following statement : 
‘The x-rays are of assistance in pointing out delayed union of the 
epiphyses and when we are familiar with the appearance to be expected 
‘f the epiphyses at different ages—that is to say, when we have made 
a physiological scale, we may find that we have gained a method of 
estimating the general condition of the younger patients in regard to 
their development.” ? 

In the light of the foregoing statement, made twenty years ago, it 
is remarkable that no such systematic study has heretofore been 
published. 

We can arrive at some idea of how varied are the ideas relative to 
the knee by quotations from the best authorities of different periods. 

Jonathan Hutchinson may fairly be expected to express the best 
thought of his time on the subject. In a lecture before the Royal 
College of Surgeons, in 1894, he ? states, in regard to the lower epiphysis 
of the femur, “There is no epiphysis of so much practical importance 
as the lower epiphysis of the femur. . . . Theoretically, we might 
expect a separation to occur beyond the twentieth year. The epiphysis 
includes the whole articular surface, and its separation must imply 
injury to the synovial membrane.” Hutchinson further calls attention 
to several valuable points which should be ‘kept in mind by a surgeon 
dealing with this joint in the young: the adductor tubercle is at the 
upper limit of the epiphysis, and both heads of the gastrocnemius are 
attached to the epiphysis. Another statement is made, which is inter- 
esting in a general way, if not particularly bearing on the point in hand: 
“It was far easier to separate the epiphysis thaff to rupture the liga- 


1. Williams, F. H.: Roentgen Rays in Medicine and Surgery, 1902, p. 459. 
2. Hutchinson, Jonathan: Brit. M. J., March 31, 1894. 
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ments of the knee.” When we compared the work of Hutchinson with 
that of Ross and Taylor, during the past ten years on sprains, we 
can appreciate how keen the observations of men like Hutchinson were. 
Another several years, and the infrequency of sprains will be 
appreciated. 

J. Hogarth Pringle * states: “One (center) for the lower extremity 
(femur) appears shortly before birth and fuses with the diaphysis 
about the twentieth year. . . . In the tibia, the upper epiphysis, 
from which both the tuberosities and the tubercle are developed, begins 
to ossify at birth and joins the diaphysis at from the twenty-first to the 
twenty-fourth year. . . . There is sometimes a separate center 
for the anterior tubercle which shows at the eleventh or twelfth year. 

In the fibula, the upper epiphysis begins to ossify about the 
fourth year and joins the shaft at the twenty-second to the twenty- 
fourth year.” Reference to texts on the subjects of the appearance, 
development and ossification of the epiphyses of the knee is of interest. 
Quotations from some of the foremost texts will be of service. 

In Gray’s “Anatomy”’ it is stated that ossification appears within the 
lower epiphysis of the femur during the ninth month of fetal life, and 
is not complete within this center until the twentieth year; further, 
concerning the development of the patella, that this occurs from a single 
center which makes its appearance about the third year; that more 
rarely, this bone is developed by two centers placed side by side, and 
ossification is completed about the age of puberty. 

In speaking of the tibia, it is stated that the center for the upper 
epiphysis appears before or shortly after birth; it is flattened in form 
and has a tongue shaped process in front which forms the tubercle; 
and the upper epiphysis of the tibia joins the shaft about the twentieth 
year. 


, 


In Piersol’s “Anatomy,” the statement is made that the lower 
epiphysis of the femur is joined by the age of 20 and often earlier ; the 
patella is not fully formed until after puberty—perhaps not before the 
age of 18; the center of ossification for the upper end of the tibia 
appears usually during the last month of pregnancy; and the upper 
epiphysis extends farther down in front, to form the tubercle, which 
may have a separate nucleus. According to Rambaud and Ranault, 
this is the usual occurrence, appearing at from 8 to 14 years, and quickly 
joining the epiphysis, and the upper epiphysis joins the shaft at about 
19 or 20 years of age. 

Scudder in his textbook on fractures says: “The lower epiphysis 
of the femur, the largest epiphysis of the body, appears shortly before 
birth, attains a good size by 2 years of age, and unites with the diaphysis 
at from the twentieth to the twenty-third year.” He states regarding 


' 3. Pringle, J. Hogarth: Fractures, 1910, p. 154. 
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the tibia: “The epiphysis of the upper end of the tibia appears at 
about the first year and unites to the shaft at the twentieth to the 
twenty-second year.” 

Cotton, in his work on “Joint Fractures and Dislocations,” avoids 
mention of the age at which ossification of the epiphyses of the lower 


end of the femur and the upper end of the tibia takes place. 




















Figure 1 Figure 2 


Fig. 1—Normal knee, age 1 year. 


Fig. 2—Normal knee, age 2 years 


Roberts and Kelly write: “The lower epiphysis of the femur 
includes the entire articular surface of the lower end of the bone. It 
is the largest epiphysis of the body, and unites with the diaphysis from 
the twentieth to the twenty-first year. . . . The tubercle and 
upper epiphysis of the tibia ossify from a single centre, and unite with 
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the diaphysis from the twenty-first to the twenty-second year. The 
tubercle at first is cartilaginous, and ossification extends downward 
from the epiphysis as a long tongue-shaped projection.” 


OBSERVATIONS 


From a review of the literature, it would seem that all are agreed 
that the lower epiphysis of the femur appears before birth; but there 
does not seem to be a unanimity of opinion as to the time of complete 
ossification and union with the shaft. Such statements as “about the 
twentieth year or earlier, twentieth to twenty-third year, and up to the 
twenty-fifth year” are found in the anatomies and texts commonly 
referred to. 

From our observations, it seems justifiable to state that complete 
ossification and union of the lower epiphysis of the femur with the 


TABLE 1.—OpiInions REGARDING TIME OF OSSIFICATION OF UPPER 
EPIPHYSIS OF TIBIA 


Author 3eginning Ossification Complete Ossification 
Peale cc... sce 2: ere ot eg 
Gray 3efore or shortly after birth. About 20th year 
Piersol During last month of preg- 

MENS Wakting necnceakaeyee cord About 19th or 20th year 
BOUND: 3 opeses oS eee 20th to 21st year 


TABLE 2.—Opinions REGARDING TIME OF OSSIFICATION OF LOWER 
EpIPHYSIS OF THE FEMUR 


Author Jeginning Ossification Complete Ossification 
Hutchinson 4% Seyond 20th year 


Scudder ...............Shortly before birth 

NI Cito d a airn eo os oA enae coer ate tiae ioe eee No mention made of age of 
ossification 

a Pk 8 eS lll, 

Stimson Epiphysis may not unite 
with shaft before 25th year 


shaft takes place between the eighteenth and nineteenth year con- 
stantly. In some instances, complete ossification and union with the 
shaft have taken place during the fifteenth year (Fig. 14 4), and again 
a similar condition has been noted during the sixteenth year (Fig. 16). 

It may be argued that development occurs sooner in tropical and 
semitropical climates. This cannot be disputed, but it would prove 
interesting if our observations should be either verified or corrected 
for other climatic conditions. 

There is a decided divergence of opinion in the literature as to the 
time of complete union of the upper epiphysis of the tibia. From 
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Table 1 and quotations in the portion of the paper dealing with this 
phase of the question, it can be seen that union is supposed to take 
place at any time between the nineteenth and twenty-fourth years. 

In this series of observations, the epiphyseal line cannot be made 
out after 18 years and 11 months (Fig. 18). 

Aside from this fact, the upper epiphysis of the tibia presents 
several interesting phenomena which are worthy of more than passing 

















Figure 3 Figure 4 
Fig. 3—Normal knee, age 3 years. 


Fig. 4—Normal knee, age 4 years. 


comment. It should be noted that normally the upper epiphysis of the 
tibia is in the same perpendicular planes as the lower epiphysis of the 
femur, and any deviation laterally should arouse suspicion that there 
is a displacement of one of the two. 

Second and most important, the tubercle of the tibia is a downward 
projection of the upper epiphysis of the tibia which makes its appear- 
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ance about the eleventh year. At times the projection seems widely 
separated from the shaft. This may give rise to the opinion that there 
is a fracture of the tubercle of the tibia, or “spur” formation. The 
latter was the interpretation which was made by a roentgenologist 
recently (Figs. 12B and 14B). At times, the tubercle seems to 
develop from two separate centers of ossification, thus simulating a 
fracture within the tubercle itself (Fig. 15). 

















Fig. 5—Normal knee, age 5 years and 4 months. 


The tubercle is completely joined to the shaft by the nineteenth 
year. 


The patella, according to Gray, is completely ossified “about the 
age of puberty.” The time of the appearance of the patella is given 
by Gray as “about the third year.” 

Piersol says that it is “not fully formed until after puberty and 
probably not until the eighteenth year.” The patella is noted in this 
study for the first time during the fifth year (Fig. 5B). It makes its 
appearance just opposite the epiphyséal line of the lower end of the 
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femur. The patella presents the most variable appearance of all struc- 
tures about the knee, as evidenced by Figures 5B, 6A and 8. At 
times, the patella seems to ossify through two centers within cartilage 
(Fig. 8). The development is progressive, but the relative position 
of the joints of development is unchanged; that is, the middle is 
opposite the original site of the epiphyseal line. At about 14 years, 
the patella seems to have reached its full bony development—seems 
because it is difficult to say what the ultimate size will be in a par- 














Fig. 6.—Normal knee, age 6 years and 6 months. 


ticular case. It can be asserted that by this time it possesses the con- 
tour, and relative to the surrounding structures, a full development 
for the bone. 

The upper epiphysis of the fibula is not evident before the fifth 
year. At this time, it is represented by a small rounded center of 
ossification superimposed on the diaphysis of the fibula. In some 
instances, it has become completely ossified by the fifteenth year 
(Fig. 14.4). This union is not constant until the end of the eighteenth 
year (Figs. 17 and 18). This epiphysis presents no unusual or 
interesting feature. 


0 A Rae es 
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INTERPRETATION OF ROENTGENOGRAMS OF NORMAL KNEES 
At 1 year of age, there is one epiphysis for the lower end of the 
femur and one for the upper end of the tibia. No epiphysis of the 
upper end of the fibula is apparent (Fig. 1). The epiphysis of the 
lower end of the femur is about two thirds the size of the diaphysis, 
and it occupies the midplanes of the lower end of the shaft. The 











Fig. 7—Normal knee, age 7 years and 5 months. 


epiphysis of the upper end of the tibia is about the same size as that 
of the lower epiphysis of the femur, and is in the same perpendicular 
planes roentgenologically. 


At 2 years of age (Fig. 2), the appearance is similar to that at 
1 year, except for a relative increase in size. 

At 3 years of age (Fig. 3), the epiphyses for the lower end of the 
femur and the upper end of the tibia have increased relatively in the 


same proportion as the diaphyses. No epiphysis of the upper end of the 
fibula is evident at this time. 
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At 4 years of age (Fig. 4), the lower epiphysis of the femur shows 
marked evidence of the developing intercondyloid space and occupies 
three fourths of the lower aspect of the diaphysis of the femur. There 
is still no evidence of the epiphysis for the upper end of the fibula. 
The upper epiphysis of the tibia has not increased in the same ratio 
as that of the femur. 

















Fig. 8—Normal knee, age 7 years and 1 month. 


At 5 years and 4 months (Fig. 5 4), the lower epiphysis of the 
femur apparently occupies entirely the lower portion of the femur. 
A small ossifying epiphysis is evident over the upper end of the fibula. 
Just at the level of the lower epiphyseal line of the femur and anterior 


to it, we see a small shadow of ossification within the patella (Fig. 5 B). 

At 6 years and 6 months (Figs. 6 A and B), the patella and the 
epiphysis for the upper end of the fibula have increased very much in 
size. 



































Fig. 10.—Normal knee, age 10 years. 


























Fig. 11—Normal knee, age 10 years and 11 months. 
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Fig. 12—Normal knee, age 11 years and 6 months. 
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At 7 years and 5 months (Figs. 7 A and B) all of the epiphyses 
have increased in size, the lower epiphysis of the femur occupying the 
entire lower portion of the diaphysis. The upper epiphysis of the 
fibula occupies two thirds of the diameter of the fibular diaphysis. 

At 7 years and 5 months (Fig. 7 B), the patella has ossified to a 
marked extent as compared to that pictured in Figure 8, at 7 years. 




















Fig. 13.—Normal knee, age 12 years and 8 months. 


There is evidence of an upward projection within the upper epiphysis 
of the tibia, differentiating the attachment for the crucial ligament, 
and also depressions for the semilunar cartilages. 

The picture at 7 years and 1 month (Fig. 8) shows very slight 
ossification within the patella. The ossification which has taken place 
seems to be developing from two centers. 
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At 8 years of age (Fig. 9A and B), there is a marked increase 
in the size of the epiphyses and a closer apposition between the 
epiphyses and the respective diaphyses. The patella is approximately 
twice the size of that in the preceding picture. It is interesting to 
note the amount of development of the patella in the period from 6 to 
8 years. At 8 years of age (Fig. 9A), for the first time, we begin 
to see a depression for the semilunar cartilage and evidence of spines 
for the insertion of the crucial ligament are evident in the developing 
upper epiphysis of the tibia. 

















Fig. 14.—Normal knee, age 14 years and 8 months. 


\t 10 years of age (Fig. 10 A and B), there is a close approxima- 
tion between the lower end of the femur and its epiphysis, but no true 
ossification has taken place between the shaft and the epiphysis. The 
depressions for the semilunar cartilages have deepened. There is a 
proportionate ossification in the upper epiphysis of the fibula and the 
patella. There is still no evidence of the tubercle of the tibia. 

At 10 years and 11 months (Fig. 11), all of the epiphyses con- 
tinue to increase in size. There seems to be a projection downward 
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from the anterior surface of the upper epiphysis of the tibia, this 
being the first evidence noted of the tubercle of the tibia and its origin. 
At 11 years of age, little difference is shown except in the size of 
the epiphyses ; if anything, the internal condyle seems to be larger than 
the external. There is no evidence of a tubercle of the tibia. 
At 11 years and 6 months (Fig. 12 A and B), the epiphyses for 
the upper end of the tibia and the upper portion of the fibula are com- 
































Figure 15 Figure 16 


Fig. 15.—Normal knee, age 14 years and 10 months. 


Fig. 16—Normal knee, age 15 years and 4 months. 


pletely formed, but not united with the shaft. There is a projection 
downward on the anterior portion of the tibia, separated from the 
shaft of the tibia for possibly one fourth of an inch (6 mm.), evidence 
of beginning ossification for the tubercle of the tibia. 

At 12 years and 8 months (Fig. 13), a close approximation of the 
shaft of the tibia is noted, but no ossification of the epiphysis and the 
shaft. 
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Fig. 18.—Normal knee, age 18 years and 11 months. 


























Fig. 20.—Normal knee, age 21 years and 10 months. 
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At 14 years and 8 months (Fig. 144 and B), there is a complete 
ossification of all of the epiphyses of the knee. The lateral view 
(Fig. 14B) shows a projection downward from the upper epiphysis 
of the tibia, on the anterior aspect of the shaft. It is still separated 
from the shaft, but not so markedly as in preceding ages. 

At 14 years and 10 months (Fig. 15) there is incomplete ossification 
of the shafts to the epiphyses and the tuberc'e of the tibia apparently 
from two centers. 

At 15 years and 4 months (Fig. 16) there is a shadow, appar- 
ently the line of demarcation, but sufficiently ossified so that there is 
no clear space between the epiphyses and the shafts. 

At 16 years and 8 months ( Fig. 17), the epiphyseal lines are present. 
The tubercle of the tibia is almost completely ossified. 

At 18 years and 11 months (Fig. 18), there is complete ossification 
of the epiphyses and union of the epiphyses and the shafts. 

At 20 years (Fig. 19 A and B), there is complete ossification. 

At 21 years and 10 months (Fig. 20 A and B), a picture similar 
to that at 20 years is presented. 


SUMMARY 


The epiphyses of the lower end of the femur and of the upper end 
of the tibia have attained the size of half the width of their respective 
diaphyses at 1 year. 

There is evidence of ossification within these epiphyses at a much 
earlier time. 

In one instance, we have a picture showing it at 7 weeks (lower 
epiphysis, femur). 

During the first four years, no other epiphyses are evident roentgen- 
ologically. 

At 5 years and 4 months (Fig. 5 A), ossification has proceeded to 
such an extent in the lower end of the femur and upper end of the 
tibia that they almost cover their respective diaphyseal ends. 

At this age, for the first time, one sees ossification in the upper 
epiphysis of the fibula and within the patella. 

During the next year, the patella increases rapidly in size. It is 
at this time that we notice the greatest variation in the developing 
patella. In one instance, at 6 years and 6 months (Fig. 6A), the 
patella is about one-half inch (13 mm.) in length, and in another 
picture (Fig. 8), at 7 years and 1 month, there are two small ossifying 
shadows within the cartilaginous patella. 

At 8 years of age, the depressions for the semilunar cartilage and 
the spines of the tibia are evident roentgenologically. 

By the tenth year, there is a close approximation between the 
respective epiphyses and their diaphyses. 
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At 10 years and 11 months, we see the first evidence of the tubercle 
of the tibia. It is represented by a downward projection from the 
upper epiphysis of the tibia (Fig. 11). 

During the twelfth year (11 years and 6 months, Fig. 12 A), the 
tubercle increases rapidly in size, and projects forward, being separated 
by a wide space from the shaft of the tibia. Union between the tubercle 
and shaft proceeds from above down, and from before backward. 

This process can be noted by referring to Figures 14 B and 15. 

At 18 years, this tubercle is completely ossified and united to the 
shaft. 

In one instance (Fig. 15, 14 years and 10 months), the tubercle of 
the tibia seems to be ossifying through two separate centers. 

At 15 years and 4 months (Fig. 16), there seems to be complete 
ossification within the epiphyses and union of the respective epipiyses 
and their diaphyses. 

After the eighteenth year, there seems to be complete ossification 
of epiphyses and diaphyses. 


1211 Maison Blanche. 











EIGHTEENTH REPORT OF PROGRESS IN ORTHO- 
PEDIC SURGERY * 


ROBERT B. OSGOOD, M.D.; ROBERT SOUTTER, M.D.; HARRY C. 
LOW, M.D.; MURRAY S. DANFORTH, M.D.; LLOYD T. 
BROWN, M.D., ann PHILIP D. WILSON, M.D. 


BCSTON 


CONGENITAL CONDITIONS 


An interesting malformation of the carpus has been reported by 
I<aves and Campiche.’’ This occurred in a laboring man, aged 20, who 
was free from all subjective symptoms and showed objectively only a 
freer amount of motion than normal in the carpus. The roentgenogram 
of the right hand revealed a total absence of the scaphoid and a poorly 
developed radial styloid process. In the left hand the scaphoid was 
only half as large as the normal, and the radial styloid was absent. 

{[Ep. Note.—It is apparently possible to. have a_ functionally 
adequate wrist with only a small, or, indeed, without any, scaphoid. 
The case perhaps offers further encouragement for the removal of the 
whole or the smaller portion of a fractured and ununited scaphoid. | 

Congenital Synostosis of the Radius and Ulna.—Wakeley * reports 
eight cases, with no hereditary history. He considers that the operation 
offers small likelihood of restoring voluntary pronation and supination. 
The danger of injuring the posterior interosseous nerve is a very real 
one. Moreover, the disability existing from birth has been so largely 
compensated that the patients are often hardly conscious of their 
limitation. 


Congenital Dislocation of the Shoulder—Martin* has reached the 
conclusion that congenital dislocation of the shoulder is an extremely 


rare condition, the subacromial type being the least common.  Kir- 
misson, in 1898, could find but eight reported cases, and Coudray has 
since reported two others. Other congenital characteristics were present 
in these two cases of Coudray, such as a lack of complete development 





* Owing to some delay in the mails, the German articles did not arrive in 
time to be included in this report. Comments will be made on them in the 
next report. 

* This Report of Progress is based on a review of 466 articles selected from 
504 titles dealing with orthopedic surgery, appearing in medical literature 
between Oct. 1, 1921, and Jan. 21, 1922. Only those papers which seem to 
represent progress have been selected for note and comment. 

1. Eaves and Campiche: J. Bone & Joint Surg. 4:78 (Jan.) 1922. 

2. Wakeley: Arch. Radiol. & Electroth. 26:185 (Nov.) 1921. 

3. Martin: Paris méd. 11:469 (Dec. 10) 1921. 
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of the joint, including the head of the humerus and the acromion in 
one, and an abnormal development of the entire extremity in the other. 

[ Ep. Note.—These findings are interesting as tending to disprove 
Turner Thomas’ theory of dislocation of the shoulder as the common 
cause of obstetric paralysis. | 

Sacralization of the Last Lumbar Vertebra—Léri* remarks that 
the diagnosis of a sacralization of the fifth lumbar vertebra as a cause 
of obscure sciatica has become the fashion. In his study of 100 
roentgenograms, more than 50 per cent. showed an impingement of a 
transverse process on the ilium, the sacrum or both. In less than 25 
per cent. were the outlines in accordance with the accepted norm for 
the region. In only 6 or 7 per cent. could the symptoms reasonabty 
be attributed to this condition. 

Lupo® reports studies of the abnormalities of the fifth lumbar 
vertebra in children. It is apparently no more rare in children than in 
adults. The sacralization is more frequently bilateral than unilateral. 
In the first twenty years of life, there seem to be few symptoms arising 
from this condition. Deformities of the pelvis, congenital dislocation 
of the hip, coxa valga, coxa vara, etc., are quite commonly found in 
association with this abnormality. Of the 110 cases studied, seventy- 
nine were bilateral sacralizations, and thirty-one unilateral. Twenty- 
nine of the unilateral cases were on the left. 

Schiassi * has encountered two cases of pain due to enlarged trans- 
verse processes of the fifth lumbar vertebra. The enlarged process was 
so situated that a foramen was formed between the neck of the process 
and the top of the sacrum. When the patients were subjected to 
repeated strains, there were evidences of pressure on the fifth nerve 
root, and possibly also irritation of the fourth root as it passed over the 
anterior surface of the enlarged fifth transverse process. He con- 
siders resection of the process to be the rational method of relief. 

Bonniot,’ in an illustrated article, describes a method of approach 
to the root of the transverse process of the fifth lumbar vertebra in 
cases in which resection of the process is to be undertaken for relief 
of pain believed to be due to the enlargement or sacralization of this 
process. The approach is as follows: (1) The patient is placed in a 
prone position, with a sandbag beneath the anterior superior spine, the 
abdominal contents being thus permitted to sag away from the loin. 

2) An incision, 10 cm. long, is made at the outer edge of the erector 
spinae, extending downward to the iliac crest, and then continued 


. Léri: Bull. Soc. méd. d. hop. de Paris 45:1228 (July 29) 1921. 

. Lupo: Chir. d. org. di movimento 5:503 (Oct.) 1921. 

. Schiassi: Chir. d. org. di movimento 5:229 (June) 1921. 
3onniot: Lyon chir. 18:445 (July-Aug.) 1921. 
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downward and mesially, following the crest to the posterior superior 
iliac spine. (3) An incision of the lumbodorsal fascia is made and the 
sacrospinalis muscle is mobilized and retracted mesially. The branches 
of the iliolumbar vessels are ligated. The tips of the transverse 
processes are felt. (4) A dissection is made along the sacrospinalis as 
far as its iliac attachment and then the posterior portion of the iliac 
crest is osteotomized from a point just lateral to the muscle attachment 
downward to the posterior superior spine. Muscle and bone fragments 
are retracted mesially. In the sacrovertebral angle thus exposed, the 
transverse process lies. It may be removed by careful dissection after 
the iliolumbar ligament and smaller muscles attached to the process have 
been divided. The muscle and bony flap is then returned and sutured 
in place. 

| Ep. Note.—The method of approach seems precise and surgical 
and avoids the really great danger to nerve roots of working in the 
bottom of a deep hole. | 

Congenital Dislocation of the Hip—The frequency of late bony 
changes following the reduction of congenital dislocation of the hip is 
attracting the attention of other investigators besides Adams.’ Broca 
and d’Intignano ® find that the chief changes before reduction occur in 
the head of the femur, in an anteversion of the neck, and a shallow 
acetabulum. During the period of immobilization the socket deepens, 
and the head and neck are modeled by pressure into varus position. 
Sometimes they find that the constitution of the joint is apparently 
perfect and it would be hard to determine without previous know- 


ledge which hip had been dislocated. Some patients with a poorly 
developed joint develop an arthritis. 


Froelich '° of Nancy, in two articles, also calls attention to these 
late changes after reduction. About 33 per cent. of the cases he has 
studied have a normal head and neck ten years after reduction, and 
75 per cent. of these are stable. Three of 4 per cent. of the patients have 
an arthritis resembling a caries sicca. 

|Ep. Note.—As we have pointed out in a previous Report of 
Progress, it is important that we should at least be conversant with 
the changes which will probably take place in a majority of the reduced 
and functionally satisfactory cases. As it seems likely that some of 
these changes may be attributed to the trauma incident to reduction, 
the emphasis should be placed on the importance of employing the 
gentlest methods which will successfully accomplish the replacement. ] 


8. Adams: J. Bone & Joint Surg., July, 1922. 

9. Broca and d’Intignano: Rev. d’orthop. 8:353 (Sept.) 1921. 

10. Froelich: Rev. d. orthop., Oct. 5, 1921, p. 451; Presse méd., Oct. 1, 1921, 
p. 1430 
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Congenital Equinovarus.—Fiske "' reports the results of a question- 
naire which he sent to surgeons of wide experience in the treatment of 
this condition, and to which he received sixty-six replies. The pre- 
ponderance of opinion favored immediate treatment of the new-born 
child by manipulative, retentive, and nonoperative methods. Up to 
6 months, the majority favor the same nonoperative methods without 
anesthesia. Ten per cent. were radical in their views. There seems to 
be a trend away from purely manipulative toward operative methods 
in the second year of life in uncorrected cases; but these operative 
methods should be limited to tenotomies,fasciotomies, and divisions of 
ligaments. In the adult cases, all agree that bone operations are usually 
necessary. Fiske considers that the most important element in success- 
ful treatment is the avoidance of all unnecessary traumatism and per- 
sistence in maintaining an over-correction. Treatment should consist 
of manipulation to the point of tolerance, plaster or other mechanical 
fixation, corrective weight-bearing, massage and exercises. 


RICKETS AND OSTEITITIS FIBROSA 


Rickets—Findlay, Paton and Sharpe '* have shown that changes in 
bone somewhat similar to those in rickets can be induced by feeding on 
a low calcium diet, but the condition is of the nature of an osteoporosis 
and not true rickets. The calcium content of the blood and of the other 
tissues, except bone, is not deficient in experimental rickets in dogs. 
Their experiments do net support the view that true rickets is due to 
a deficient supply of calcium to the bone. 

McCollum, Simmonds, Shipley and Park ’* have shown that the 
addition of calcium carbonate to a low calcium diet prevents the devel- 
opment of the rickets-like condition, and that the administration of cod 
liver oil not only prevents the development of rickets but brings about 
a healing of the condition when it is well advanced. An amount of 
butter fat amply sufficient to protect the animals against keratomalacia 
does not prevent the development of the pathologic condi‘ion of the 
skeleton just described, and they, therefore, argue that it must exert 


a very feeble influence in protecting the animals against the develop- 
ment of rickets-like lesions. 


3rown, MacLachlan and Simpson,’* from a study of seven cases, 
have found that cod liver oil without phosphorus produces as regu- 
larly an increase in the blood calcium and an amelioration of the 


11. Fiske: J. Orthop. Surg. 3:668 (Dec.) 1921. 

12. Findlay, Paton and Sharpe: Quart. J. Med. 14:352 (July) 1921. 

13. McCollum, Simmonds, Shipley and Park: Am. J. Hygiene 1:492 (July) 
1921. 

14. Brown, MacLachlan and Simpson: Canad. M. A. J. 11:552 (Aug.) 1921. 
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symptoms in rickets and tetany as does cod liver oil with phosphorus 
oils. They conclude that if the fat intake is 4 mg. per kilogram of 
body weight, fat soluble vitamin A, as contained in cod liver oil, is 
alone sufficient to prevent or cure rickets. 

Hess and Gutman ** have confirmed the observation of Park and 
others that the lesions of infantile rickets will disappear with a daily 
exposure to sunlight over a period of a month or six weeks, although 
the diet remains unchanged. They have found that the blood serum 
of infants suffering from active rickets contains a diminished amount 
of inorganic phosphates, which phosphate content rises with the admin- 
istration of cod liver oil and also with the daily exposure to direct 
sunlight. These findings seem to establish a chemical as well as a 
clinical basis for the use of heliotherapy in rickets, and they believe 
them to be the first definite evidence of metabolic change in the animal 
body brought about by the solar rays. 

Mellanby,’® in a well illustrated thesis, discusses the whole subject 
of rickets, except the theories of its etiology. His experiments were 
carried out in a large series of puppies. He considers that the preven- 
tive factors are: (1) plenty of calcium and phosphorus in the diet; 
(2) certain fats identical with fat soluble vitamin; (3) meat, and 
(4) exercise. The diet conducive to the development of rickets he 
considers to consist of (1) an excess of bread, cereals and carbo- 
hydrate, and (2) an excess of protein, mostly of caseinogen, free 
from calcium. 

Osteitis Fibrosa—Painter,'’ reporting a case in which characteristic 
lesions of this disease developed in two locations at widely separated 
intervals of time, discusses the theories of etiology. In his case there 
was no determinable etiologic factor. The author considers the theories 
of a low-grade inflammation or of an endogenous metaplasia to possess 
most supportive evidence. Free exposure of the lesion and curettage 
to solid bone effected a cure in his case. 


TUBERCULOSIS 


Tuberculosis of the Metatarsals—Sorrel and Bouquier'* direct 
attention to the very frequent involvement of the first metatarsal in 
children. Kirmisson and Whitman have found this bone to be involved 
in more than 50 per cent. of all metatarsal tuberculosis. The experi- 
ence of the authors at Berck confirms these findings in eighteen out 
of thirty cases. If the head and base are uninvolved, the head should 


15. Hess, A. F., and Gutman, M. B.: Cure of Infantile Rickets by Sunlight, 
J. A. M. A. 78:29 (Jan. 7) 1922. 

16. Mellanby: Medical Research Council, Special Report Series, No. 61, 
London, His Majesty’s Stationery Office, 1921. 

17. Painter: Boston M. & S. J. 185:677 (Dec. 8) 1921. 

18. Sorrel and Bouquier: Paris méd. 11:399 (Nov.) 1921. 








418 ARCHIVES OF SURGERY 


be preserved as a weight-bearing pillar; but if the head is involved 
it should be removed and the great toe should always be amputated 
with it. Their results of this procedure they consider satisfactory. 

Tuberculosis of the Ankle in Adults—Gaenslen and Schneider 
consider the prognosis of tuberculosis of the ankle in adults to be very 
poor from conservative treatment. If conservative treatment is suc- 
cessful, they estimate the necessary period to be four years. A six 
months’ trial of conservative treatment may be expected to determine 
the efficacy of this form of treatment. In cases in which operation 
is performed early, they expect the patient to be able to return to work 
in from one to two years. Amputation, and even death, results far too 
often from a too long persistence in conservative treatment. In their 
series, no case of tibio-astragaloid disease was treated conservatively. 

Calvé *° also believes that tuberculosis of the ankle in adults demands 
the same surgical attack as tuberculosis of the knee, and agrees with 
Gaenslen that the success or failure of conservative treatment may be 
determined after six months’ trial, and if successful must be continued 
for four years. 

Tuberculosis of the Knee in Children—Vignard and Comte ** have 
become convinced that the operative procedure which they describe 
yields better results in tuberculosis of the knee joint in children than 
conservative treatment. They proceed on the assumption that the 
focus of disease is primary in the bone and invades the synovial 
membrane only secondarily. Their method of attack is to scrape out 
the tuberculous tissue in the epiphysis, leaving merely a shell, which 
they fill under tension with Mosetig-Moorhof paste, using special metal 
tubes with a piston to force in the wax after the epiphysis has been 
curetted. Fourteen cases in which this operation has been performed 
since 1919 seem to confirm them in the opinion of the advantages of 
this procedure. Five at this time show almost normal motion and six 
seem entirely quiescent with stiff joints. 

Vignard and Vincent,”? writing on the subject of tuberculous knees 
ankylosed in fiexion, advocate osteoclysis rather than supracondylar 
osteotomy for the correction of the deformity. They say that after 
three years of clinical cure this procedure may be employed without 
danger of lighting up the disease and possesses the advantage of not 
shortening the limb. It does not matter whether the ankylosis is bony 
or fibrous. The bone is fractured usually within the capsule at the 
most prominent portion of the curvature. 





19. Gaenslen, F. J., and Schneider, C. C.: Treatment of Tuberculosis of 
Ankle in the Adult, J. A. M. A. 77:1168 (Oct. 8) 1921. 

20. Calvé: J. Bone & Joint Surg. 4:33 (Jan.) 1922. 

21. Vignard and Comte: Arch. franco-belges de chir., October, 1921. 

22. Vignard and Vincent: Rev. de chir. 59:153, 1921. 
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[Ep. Note.—Although the Editors have had no personal experi- 
ence with this method, it seems to them to involve a trauma not 
necessary in a linear osteotomy. The method seems unsurgical and, 
at least, on theoretical grounds, dangerous. ] 

Tuberculosis of the Hip.—Fish ** in observing 175 patients admitted 
to the Massachusetts State Hospital School at Canton, has been sur- 
prised at the woful lack of uniformity in treatment which these 
patients have received. On admission to the school, they have been 
treated by the Bradford abduction splint (Thomas ring knee splint 
with abduction arm). Fish has been impressed with the success of 
this treatment in preventing deformities, and advocates its more gen- 
eral employment when the disease is active. 

Tuberculosis of the Spinal Cord.—Browning ** reports a case which 
he states is the eightieth on record of tuberculosis of the spinal cord. 
At necropsy the cord was enlarged at the level of the eighth dorsal 
vertebra. At this level the cord was destroyed and in a semifluid 
condition for some distance above and below this segment. A grayish 
nodule, about the size of a small navy bean, was compressing the 
cord beneath the meninges. The tumor was firm and shelled out easily. 
The microscopic examination revealed tuberculous granulation tissue. 

[Ep. Note.—The Editors have observed a case of tuberculosis 
of the spine with resistant and progressive paraplegia in which a lami- 
nectomy was performed. At operation, a firm mass of tuberculous 
granulation tissue was adherent to the dura and compressed the cord. 
The removal of this mass was soon followed by an improvement in 
the paraplegia symptoms, which improvement has continued more than 
a year. These findings may suggest the wisdom of performing more 
frequent laminectomies in cases of Pott’s paraplegia which do not 
yield to treatment by recumbency and hyperextension, especially if a 
combined cistern and lumbar puncture (method of Ayer) demonstrates 
a complete block. | 


REPORT OF COMMISSION APPOINTED BY THE AMERICAN ORTHOPAEDIC 
ASSOCIATION TO INVESTIGATE THE END-RESULTS OF ANKYLOSING 
OPERATIONS ON THE SPINE FCR CURE OF TUBERCULOUS CARIES 


The commission *° regrets the great laxity in keeping records which 
their study of the cases in the different clinics revealed. They express 
no opinion as to the relative merits of the inlay bone graft methods 


23. Fish: Surg., Gynec. & Obst. 34:79 (Jan.) 1922. 

24. Browning: Med. Rec. 100:1021 (Dec. 10) 1921. 

25. Brackett, Baer and Rugh (Commission): J. Orthop. Surg. 3:507 (Oct.) 
1921. 
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and the fusion operations. The conclusions of their investigation are 
as follows: (1) Ankylosing operations cannot be depended on to 
prevent increase of deformity or bone destruction, especially in chil- 
dren. (2) There seems to be a favorable influence on acute symptoms 
exerted by the operation. (3) The operations apparently had little 
effect on the fusion of the vertebral bodies. (4) Too little informa- 
tion was secured from the records of the cases observed to warrant 
any conclusion as to the effect of the operation on abscess formation 
and paralysis. Their impression from information received was that 
the effect of the operation was to lessen abscess formation and para- 
plegia. (5) The operative risk from an operation of this gravity 
appears to be small. (6) The mortality can be judged only from a 
large series. In one group of 137 cases there were sixteen deaths, 11.68 
per cent. Three deaths occurred within two months of operation, six 
at later periods from tuberculous meningitis or pulmonary tuberculosis, 
and seven from intercurrent diseases. (8) They express the opinion 
that the operation, if it is performed, should be regarded as an incident 
only in the treatment of this disease, and fixation and supportive 
mechanical treatment should be carried out for a sufficiently long time 
to afford opportunity for the ultimate fusion of the vertebra. 

|Ep. Note.—It would seem probable, from this careful review of 
the end-results of such cases as have been sufficiently well recorded 
to be of value, that successful ankylosing operations on the spine of 
older children and adults may be expected to exert a favorable igfluence 
on the course of the disease and perhaps lessen the tendency to abscess 
formation and paraplegia. In the opinion of the Commission, they 
cannot be trusted to cure the disease or even prevent increase in the 
deformity unless supplemented by the older well established, external, 
immobilizing methods, such as recumbency and brace treatment. | 


SYPHILIS 


Syphilitic Arthritis—Broca** calls attention to the great frequency 
of failure to diagnose chronic syphilitic disease of the joints. In 
nineteen out of twenty cases of syphilitic disease of the knee joint, the 
diagnosis of tuberculosis had heen made. He describes a number of 
typical cases, emphasizing the importance of the Bordet-Wassermann 
test in cases of hydrathrosis and arthritis without effusion, especially 
in the knee. The lesions are commonly bilateral, indolent, and show 
alternating periods of improvement and aggravation, not seriously 
interfering with ordinary life. 


26. Broca: Presse méd. 29:873 (Nov. 2) 1921. 
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Dufour *? reports his tenth case of chronic arthritis deformans in 
a syphilitic patient. The type is a torpid one and appropriate treat- 
ment is usually begun too late to cure completely, though it greatly 
benefits. 

Dupont ** points out the multiplicity of manifestations in syphilitic 
joint disease and the intermittence of symptoms. He believes that 
trauma often initiates a syphilitic process in a joint, and in nearly all 
the cases which he has encountered a diagnosis of traumatic or rheu- 
matic or gonococcal or tuberculous joint had been made. 


PARALYSIS 

The Use of Electricity —Bordier *® is convinced that it is most 
desirable to keep the limbs affected by poliomyelitis as warm as the 
unaffected members, arguing that the nutritive exchanges will thereby 
be rendered normal and atrophy of the bones and muscles prevented 
He considers that diathermy is the best method of maintaining the 
temperature, the limb being wrapped in a veritable mattress of cotton 
or wool to prevent loss of heat by radiation. He also advises the use 
of rhythmic and reversed galvanism of the muscles showing complete 
or partial reactions of degeneration. 

| Ep. Nore.—Bordier’s point of maintaining the temperature of the 
affected limbs may be well taken; but the experiments of Professor 
McLeod (University of Toronto) with limbs of animals paralyzed by 
section of the nerve, for example, the sciatic, and immediately sutured 
should give us pause in the employment of galvanism. His work has 
seemed to demonstrate that the symmetrical limb in the same animal not 
treated by electricity recovered somewhat more quickly than its treated 
fellow and that it was quite possib'e to fatigue unfavorably a muscle 
cut off from its central nerve supply by too much electrical stimulation. ] 

The Third Year in Infantile Paralysis —Lovett’s *° careful records 
of 180 rather severe cases occurring in the 1916 epidemic and followed 
closely are of great value. The muscles of the arm, back and abdomen 
showed greater improvement than those of the lower limb, and their 
improvement was fairly continuous. The musc'es of the leg often 
showed loss of power during the third year. The chief cause of this 
was the development of deformity, which occurred in spite of every 
care on account of the lack of muscle balance. The loss of power was 
evident in contracted and stretched muscles and others which did not 


27. Dufour: Bull. Soc. méd. d. hop. de Paris, July 22, 1921. 

28. Dupont: Rev. de chir. 59:264, 1921. 

29. Bordier: Arch. Radiol. & Electroth. 26:215 (Dec.) 1921. 

30. Lovett, R. W.: Third Year in Infantile Paralysis, J. A. M. A. 77:1941 
(Dec. 17) 1921. 
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function well after stabilizing operations. Over-fatigue by walking 
was responsible in a few cases for a loss of power. Lovett concludes 
that deformity, stretching and fatigue are the chief obstacles to the 
successful treatment of poliomyelitis. 

Early Treatment of Infantile Paralysis Based on Physiologic Indica- 
tions.—Feiss ** suggests that on physiologic grounds voluntary and 
assisted motions of the affected limbs are indicated in the early acute 
stage of poliomyelitis. He has had no opportunity to test this theory 
in any considerable number of cases. 

[Ep. Notre.—It would seem to the Editors that this suggested 
method of treatment is contraindicated by most of our experience in 
the treatment of acute cases. Perhaps the method may well be held 
sub judice until its success has been demonstrated in a large number 
of cases. ] 

End-Results of Operative Procedures —Gill * has studied the end- 
results of operative procedures for the improvement of function in 
cases of poliomyelitis, with especial reference to the results of tendon 
transpiantations in the cases at the Widener Training School for 
Crippled Children in Philadelphia. One of the important causes of 
failure has been the fact that the transplantation has not been sufficient 
to stabilize the foot. He urges the more frequent employment of 
horizontal transverse section through the subastragaloid joint, with the 
displacement of the foot backward. He considers 7 to 8 years the 
favorable age for operation. 

Hoke’s Stabilizing Operation—Hoke,** frankly admitting that no 
one can convert a paralytic deformed foot into a normal one, considers 
that the results of operative procedures may be reasonably expected 
to bring about the following desiderata: (1) natural appearance in 
shoes; (2) stabilization, so that the patient will not turn laterally on 
the long axis of the foot when the patient is standing or walking; 
(3) stability in the natural or nearly natural attitude, so that they do 
not need braces to hold them so; (4) the presentation of no gross 
deformity when barefooted. Hoke considers that tendon trans- 
plantations have been largely distinguished by their failures. The 
fixation of tendons to bone to produce stability is, in his opinion, 
unmechanical in principle; and he has not attempted to attain stability 
by this method. Hoke bases his operations on a knowledge of the 
architecture of the foot, the most important structure of which he 
considers to be the head and neck of the astragalus. The chief feature 


31. Feiss, H. O.: Treatment of Early Infantile Paralysis as Based on 
Physiologic Indications, J. A. M. A. 78:85 (Jan. 14) 1922. 

32. Gill: J. Orthop. Surg. 3:677 (Dec.) 1921. 

33. Hoke: J. Orthop. Surg. 3:494 (Oct.) 1921. 
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of his operation is the removal of the head and neck of the astragalus 
through a curved lateral incision, reshaping it and perhaps denuding 
it of cartilage as the architecture to be corrected requires, and then 
replacing it. Judgment and experience are obviously required in 
reshaping this key bone in the different types of paralytic clubfoot, 
dropfoot, flatfoot and their combinations. The articular surface of 
the scaphoid and the superior surface of the os calcis are denuded of 
cartilage, assuring an arthrodesis. If there is much torsion of the tibia, 
causing rotation of the lower leg and a backward position of the 
external malleolus, an osteotomy of the tibia is performed in its upper 
third. Hoke has been able to observe the end-results of fifty-four of 
his 104 operations of this type, from six months to three years after 
the operation. In one case a second operation has been performed. 
\ll the other patients possessed stable feet when observed. 

|Ep. Note.—Hoke’s illustrations are very impressive. Some of 
the Editors have seen many of his end-results and consider them most 
satisfactory. The flexibility and normal appearance of the feet are 
quite striking. His methods seem to the Editors to warrant a more 
extensive trial by other surgeons. ] 

Operation for Valgus Feet.—Roberts ** has devised an operation 
for selected cases of paralytic valgus. These are cases in which there 
is either no power or a negligible amount of power in the anterior 
tibial muscle and an overaction of the common extensor and the 
peroneals. The Achilles tendon is lengthened if necessary. An anterior 
incision is made from the junction of the lower and middle thirds of 
the leg to the annular ligament. The anterior tibial is divided at the 
junction of its tendon and muscle, overlapped and sutured with the 
foot in slight varus and dorsiflexion. The common extensor tendon 
is divided at the annular ligament; the distal end left free, and the 
proximal passed through two slits, being woven into the anterior tibial 
tendon, and sutured thereto. He reports forty cases with satisfactory 
results and frequent return of power of the anterior tibial muscle. 

Mayer ** has divided paralytic flatfeet into four types: (1) impair- 
ment but not total loss of power of the tibialis anticus. Treatment 
consists in correction of the deformity and treatment by brace and 
exercise. (2) Tibialis anticus completely paralyzed and weakness of 
the other invertors. Treatment consists in mild cases of transplanting 
the extensor longus hallucis to the dorsum of the foot, in more severe 
cases the peroneus longus being brought forward to replace the tibialis 
anticus. (3) Tibialis anticus and tibialis posticus both paralyzed. 


34. Roberts, P. W.: Operation for Valgus Feet, J. A. M. A. 77:1571 (Nov. 
12) 1921. 
35. Mayer: J. Bone & Joint Surg. 4:39 (Jan.) 1922. 
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Mayer believes that no treatment by means of transplantation of ten- 
dons alone is satisfactory, including the Whitman loop operation. (4) 
All invertors of the foot, including the gastrocnemius, paralyzed. After 
a bone stabilization of the ankle, Mayer divides, but does not trans- 
plant, the tendons of the peroneals and toe flexors. 

|Ep. Note.—It has seemed to us that in this fourth type, after an 
astragalectomy or subastragaloid stabilization, the tendons of the pero- 
neals may be safely transplanted into the os calcis, being no longer 
needed for lateral support. ] 


ARTHRITIS 


Maximum Fat Feeding in Arthritis—Wright and Hubbard ** advo- 
cate a 70 to 75 per cent. fat diet in cases of chronic arthritis. They 
have found only slight traces of acetone bodies in the excreta. Response 
to this diet must be carefully checked by urinalysis; but in this way, 
diets containing minimal amounts of carbohydrates may be administered 
while the body weight is maintained. 

Acute Condition of Joints —Ober,*" after a long war experience, 
advises against a too quick abandonment of immobilization in septic 
knee joints. By no. means all septic joints treated by a bent Thomas 
splint and with careful attention to minor detail become stiff. Surgical 
interference must be gentle and precise. Passive manipulation, frequent 
irrigations, and too frequent changing of the dressing all tend, in Ober’s 
opinion, to prolong the septic process. 

Some interesting facts and figures have been brought out by Col- 
lings’ ** study of 517 cases of gonococcal arthritis in the Bellevue 


Hospital wards. If a patient has once suffered from a gonorrheal 


arthritis and receives a reinfection, a return of the gonorrheal arthritis 
may be expected. Seventy-five per cent. of the cases of gonorrheal 
arthritis develop within fifteen days of the urethral infection. The infec- 
tion is usually multiple. Trauma and preexisting chronic arthritis pre- 
dispose. Collings has been dissatisfied with the relief afforded by vaccines, 
serums, drugs and operations on the seminal vesicles. In a recent 
series of twenty-six cases, in addition to removal of obvious pyogenic 
foci and general measures, heavy plaster casts were applied and the 
patient anchored in bed by them. These casts have been split after 
two weeks; the joints exercised, and the cast reapplied for two weeks 
more, followed by baking, massage and exercises. If this treatment 
is started early, excellent results may be expected. None of these 
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77:17&9 (Dec. 3) 1921. 








PROGRESS IN) ORTHOPEDIC SURGERY 425 


joints became ankylosed or required arthrotomy. The relief has been 
permanent in seventeen of the cases followed. Of his 517 patients 
treated by other methods, 290 were discharged improved; sixty were 
considered cured, five by operation; thirty-seven were unimproved, and 
100 were sent to other hospitals or left the hospital at their own risk. 

sallenger and Elder *® have been treating gonococcal arthritis for 
several years by withdrawing, by aspiration, fluid from affected joints 
and injecting from 15 to 50 c.c., intramuscularly, from every two to 
seven days. In acute cases, they report prompt improvement and 
remarkable cures. They state they have abandoned other methods or 
treatment, such as serums, local applications and fixation. There has 
been accompanying improvement in other. complicating conditions, such 
as epidymitis, prostatitis, posterior urethritis and seminal vesiculitis. 
-xcellent results in twenty-seven cases are detailed. They consider this 
a preliminary report and reserve their discussion for a later communica- 
tion. They also state that in sixteen cases of traumatic arthritis in 
which they employed the same method, these cases made more rapid 
recoveries than in a control series in which the joint fluid was simply 
aspirated, but not injected. 

Dufour, Thiers and Alexewsky *° reported, a year ago, six cases 
of purutent arthritis rapidly and completely cured by three aspirations 
and injections of 0.6 cc. of the aspiration material, subcutaneously. 
One patient recovered in four days after a single injection of 20 c.c. 

Sieur *! has observed the resu!ts obtained in blennorrhagic arthritis 
by the injection of a serum prepared by himself. The injections are 
given daily for four days. The first day 0.5 c.c. is given; the second 
day, 1 c.c.; the third, 1.5 c.c., and the fourth, 2 ¢.c. Joint motion 
was preserved. 

| Ep. Note.—The Editors have had no experience with this method 
of treating purulent arthritis. No explanation is offered by the authors ; 
but coming from widely different sources, the reports merit attention 
and perhaps a trial of the method. |] 

Coxa Plana ( Legg-Calvé-Perthes Disease )—Calvé * deduces cer- 
tain conclusions as to the etiology of osteochondritis of the hip joint in 
children, or coxa plana, as he prefers to call it, from a case in which 
roentgenograms were available more than a year before the onset of 
symptoms. The case was followed by roentgenograms, taken two and 
one-half years after the onset of symptoms. The conclusions are: 
(1) The affection is not congenital. (2) The phase of invasion of the 
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epiphyseal nucleus is latent from the clinical point of view. (3) The 
clinical phase, corresponding to the period when the child first begins 
to complain of pain, is considerably later than the real beginning of the 
trouble. (4) At the beginning of the clinical phase, there is a cor- 
responding roentgenogram showing an established and characteristic 
lesion, namely a laminated and fragmented epiphysis. (5) The regen- 
eration of the osseous epiphyseal nucleus occurs progressively as the 
osseous fragments augment in volume, and reunite, finally forming one 
single mass. This regeneration continues, and there is a tendency to 
a return of normal form. Calvé believes that the condition represents 
an acquired articular malformation, characterized by a flattening of 
the upper femoral epiphysis. 

Murk Jansen,** on the other hand, believes the etiology of coxa 
plana may be explained by the laws of bone growth, formation and 
deformation. He considers the condition congenital, developing only 
after some years of walking. He has noticed that the widening of 
the femoral neck precedes the characteristic flattening and cleavage 
of the epiphyseal bone center. He has noticed also that coxa plana 
often develops a short time after infectious diseases, the injurious agents 
of which have, in his opinion, temporarily enfeebled the power of 
growth of the bone and contributed to its plasticity. The association 
with congenital dislocation of the hip is mentioned and the condition 
often follows reduction. The signs of local infection Jansen considers 
to be absent. 

Mouchet ** also regards the condition as a disturbance of growth. 

Vulliet ** applies the name dystrophia to this condition and places 
it in the same class as lesions of the tibial tubercle, scaphoiditis, and 
apophysitis. He notes its indolence and its spontaneous functional 
recovery. 

Hypertrophic or Degenerative Arthritis or Osteo-Arthritis—Ely * 
calls this form of arthritis the second great type. The essential pathol- 
ogy, in his opinion, is an aseptic necrosis in the bone marrow near 


the joint surface. He assumes infection to have been originally present, 
but to have died out. The dense eburnated bone is the wall nature 
builds up between the diseased area and the joint, and the cartilage 


degenerates and wears off. The condition is more frequent in men 
than in women and is a disease of later life. Ely has found an almost 
constant association of infection in the alveolar processes and believes 
that the first step in treatment should be the removal of all dental 
foci of infection. 
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A later report of Ely, Reed and Wyckoff ** announces the discovery 
of an ameba in the cavities which he has described in a freshly removed 
head of the femur. The presence of this ameba has been confirmed 
by Kofoid, and experiments are in progress to determine whether 
satisfactory proof can be established which will connect this ameba 
with the disease in an etiologic relation. 

At a recent meeting of the British Orthopaedic Association,** an 
important and lengthy discussion was held on the operative treatment 
of osteo-arthritis of the hip. The views expressed were varied; but 
no surgeon present was inclined to be dogmatic concerning either opera- 
tive treatment in general or any special operative procedure. It was 
generally agreed that the degenerated, overgrown, often mushroomed 
head of the femur, seen so often as a result of the chronic arthritis 
of later life, presented the most serious problem of treatment. 
Imslie believes that in this type arthrodesis is a better operative pro- 
cedure than excision. Sir Robert Jones also cautioned against excision 
in the older cases, considering it accompanied by too much shock. 
\itken, in closing the discussion, stated that it seemed to be the con- 
sensus of opinion of those present that if motion was the end sought 
ly operation, a free excision was more likely to afford a satisfactory 


end-result in these cases than was a more formal arthroplastic operation. 


NEOPLASMS 


Sarcoma of Bone.—Greenough, Simmons and Harmer ** have 
reviewed the 148 cases of patients with what was supposed to be bone 
sarcoma admitted to the Massachusetts and the Huntington Memorial 
hospitals for a period of ten years. Adopting Ewing’s classification, 
they found twenty-seven cases of the osteogenic type; twelve cases 
of benign giant cell tumor; one case of angiosarcoma; three cases of 
myeloma, in which full and conciusive data were available. A history 
of trauma was more frequently obtained in the osteogenic type than 
in the other types, ten out of twenty-seven. Spontaneous fracture 
was common. 

The roentgenograms are quite characteristic in the ordinary perio- 
steal variety of osteogenic tumor, with its new periosteal bone and 
raylike appearance, but five of their osteogenic cases showed the 
tumor to be of central origin, with no obvious new growth beyond the 
cortex, and very like, in roentgenologic appearance, a giant cell tumor. 
In two of their cases, there was little evidence of new bone formation 
and some evidence of bone destruction, resembling very closely a 
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metastatic cancer or an osteomyelitis. The characteristic cell of the 
fundamental tissue is the spindle cell fibroblast, the progenitor of bone 
forming tissue. They report three (since publishing only two) apparent 
cures without known recurrence from twenty-three amputations or 
radical removal in osteogenic sarcoma. One of these was of the jaw. 
The average duration of life in patients dying of recurrence was 11.5 
months. They have observed no material benefit from treatment by 
Coley’s serum in four cases. They agree with Bloodgood as to the 
benign nature of this condition, with no tendency to metastasis. The 
tissue is composed of fairly typical fibroblasts and large numbers of 
endothelial foreign body giant cells, which dominate the picture. New 
bone production is not characteristic. Thorough local extirpation is 
advised. In the three cases of myeloma proved by microscopic exam- 
ination the picture was of plasma cell myeloma. Two were apparent 
instances of single foci of the disease. No Bence-Jones bodies were 
ever demonstrated in the urine of these patients. 


50 


Harmer,®” writing independently on bone sarcoma, urges the 
cooperation of all surgeons with the Registry of Bone Sarcoma, which 
has been established by the American College of Surgeons under Cod- 
man, Bloodgood and Ewing. Information may be obtained from Dr. 
FE. A. Codman, 227 Beacon Street, Boston, Mass. 

Barrie *' still maintains that the so-called giant-cell benign tumors 
have few, if any, characteristics which entitle them to be classed as 
sarcomas. Seventy-five per cent. of Barrie’s forty cases suggest trauma 
as the etiologic factor. In no case in which ossification had not 
occurred, that is, in the youthful cases, had there been a penetration 
of the epiphyseal cartilage. He urges that these lesions be classed as 
osteomyelitis, and uses the term hemorrhagic osteomyelitis. 

Turner ** reports two cases of myeloma of the vertebrae which 
came to necropsy. The course in one had been progressive, with severe 
pain, emaciation, moderate cachexia, diarrhea and coma; in the other, 
there had been paraplegia, cystitis and death. The roentgenograms 
had shown extreme atrophy of the bodies, with narrowing and flatten- 
ing, but no disturbance of the intervertebral disks. 


Morrison ** records an apparent cure by roentgen-ray therapy of a 


case of osteosarcoma of the femur with metastasis. A section for 
microscopic examination had been removed from the femur; but no 
attempt had been made to eradicate the disease. Later there was a 
fracture of the femur. There were metastases in the left frontal and 
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right occipital regions. The frontal lesion was incised and drained 
and yielded more quickly to the same dosage of radiation than the 
occipital lesion. 


OSTEOMYELITIS 


Osteomyelitis Secondary to Compound Fracture-—Mebane** has 
analyzed 359 cases of chronic osteomyelitis secondary to compound 
fracture encountered at Fort Sheridan from August, 1919, to August, 
1920. More than half of these required further operative work, 143 
bone operations, fifty-six plastic operations, and thirty-six drainage 
operations for abscess. About 10 per cent. were still unhealed after 
two years of hospital treatment. In this series, chronic osteomyelitis 
of spongy bone, that is, of the epiphyseal portions of the long bones 
and of the carpal and tarsal bones, was more difficult to cure than 
osteomyelitis of the compact shaft of the long bones. His conclusion 
is that in extensive tarsal involvement, if healing has not taken place in 
six months of efficient treatment, amputation is to be advised, and he 
holds the same view in relation to epiphyseal osteomyelitis when resec- 
tion is impracticable. Osteomyelitis of the femur seems the most 
difficult to cure. Forty-five per cent. of the unhealed cases involved 
this bone. The operative measures which gave the best results were 
careful effacements and partial closures. Thorough surgical procedures 
are more important than the employment of chemicals at the time of 
operation. Refracture is a common sequel, but union is the rule. 
Nonunion occurred in only two of the fourteen cases of refracture. 

Unusual Bone Involvements—Duguet * reports a case of osteo- 
myelitis confined to the patella. The joint was aspirated and a negative 
culture obtained. Two fistulas occurred and later a sequestrum was 
removed from the patella without signs of infection of the joint. There 
was some separation of the cartilage from the bone, and _ excel- 
lent function resulted with a normal gait. Little bone regeneration 
occurred and atrophy of the quadriceps persisted. 

Valentini °* reports a case of osteomyelitis (mixed Staphylococcus 
aureus and streptococcus, involving the fibula only). He can find only 
four other cases reported in the literature. Two large sequestrums 
were removed; the cavity of the bone curetted, and prompt healing 
took place. 

Geist °? has encountered six cases of osteomyelitis of the pelvic 
bones, five of them in children. In only one case was the hip joint 
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involved later. Three cases involved the ilium, two the ischium and 
one the pubes. All the patients recovered after surgical interference, 
with persisting sinuses in only two cases. In all the cases, there were 
an acute onset, fever and pain referred chiefly to the hip and leg. 


58 


Jones °* reports a typical case of the sclerosing, nonsuppurative 
osteomyelitis described by Garré in 1891. He considers the condition 
a distinct entity. In most cases the onset is acute, accompanied by 
fever, swelling of the affected limb, pain at the site of the bone lesion, 
and infiltration of the soft parts, without reddening of the skin. At 
operation no pus is found and the process is chiefly a proliferative 
one, the medulla being converted into a sclerosed mass of bone. The 
cultures were negative and the microscopic examination revealed only 
sclerosis. Pain was relieved by opening the sclerosed mass into what 
was formerly the medulla. Convalescence was uneventful. The condi- 
tion may well be confused with syphilis, the solid types of osteitis 
fibrosa and sarcoma. Jones hazards the opinion that some of the cases 
of osteogenic sarcoma reported as cured by amputation represent 
this condition wrongly diagnosed. 


SURGERY OF BONES, JOINTS AND TENDONS 


Bone Transplantation—Nathan*® discusses the biology of bone 
development. He affirms the original conclusions of Ollier and con- 
siders the diversities of opinion which have since arisen to be due 
not to differences in actual experimental findings, but simply to a 
confusion of terms. Nathan is convinced that bone dies when trans- 
planted, whether supplied with periosteum or endosteum, neither or 
both. Bone is produced only by those cells called osteoblasts. These 
cells are confined to the cambium layer of the periosteum or endosteum 
and are found to some extent in the bone marrow. When the trans- 
p!ant consists of bone denuded of both periosteum and endosteum, 
osteoblasts can come only from the living bone into which it is 
implanted. On the other hand, the grafts which contain these structures 
are already supplied with osteoblasts and these cells are excited to 
proliferation when in contact with dead bone. Thus, the regenerative 
precess is greatly increased in rapidity and extent, and the chances 
of development of new bone before the transplanted bone is completely 
absorbed are greatly enhanced. 

McWilliams’ © study of 1,390 cases of bone grafting reports 82.3 
per cent. of success and 17.6 per cent. of failures. The percentage of 
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successes by different methods was as follows: (a) simple bone 
pegs, 95.8 per cent.; (b) osteoperiosteal method (Delangeniére), 87.3 
per cent.; (c) end-to-end without inlaying, 82.5 per cent.; (d) inlay 
method, 80.9 per cent.; (¢) intermedullary method (Murphy), 76.6 
per cent.; (f) combined intermedullary at one end and inlay at the 
other, 60 per cent. The statistics seem to show that the presence or 
absence of the periosteum of the graft makes no difference in the 
likelihood of success. Thirty-two per cent. of the infected cases 
were successful; but suppuration is the commonest cause of failure. 
Failure to immobilize sufficiently thoroughly, and for a period of from 
four to six months appeared to be a second common cause of failure. 
The most successful method seems to be the osteoperiosteal method of 
Delangeniére, the defect being filled in with bone chips, and one or 
two strips of periosteum with adherent osseous plaques taken from 
another bone being laid in, covering the bone chips and overlapping the 
ends of the fragments. The method is applicable to both large and 
small defects. The intramedullary method of grafting should be dis- 
carded, in McWilliams’ opinion. There would seem to be sufficient 
evidence to prove that the most effectual treatment of nonunion of 
fractures is bone grafting. 

Fieschi *' reports a case of removal of the entire ulna, except its 
upper epiphysis, for tumor, and the substitution of a similar portion 
of the ulna from a cadaver, sterilized in an autoclave. The wound 
healed by first intention; but in spite of this fact and the mechanical 
need of substitution, the host never ceased to attack the foreign body, 
and in forty-two months roentgenograms revealed complete absorption. 

Tendon Transference.—Starr’s ® conclusions from a study of the 
end-results of fifty-two operations of tendon transference which he 
has performed for the relief of war injuries, chiefly in irreparable 
nerve injuries in the arm, are valuable: (1) So far as possible, muscles 
having similar action to the ones they are to replace should be employed. 
(2) If only a portion of a muscle is to be employed, it must have the 
same action as the muscle it is to replace. (3) The line of pull should 
be as straight as possible. (4) The fixation of the muscle should be 
made with a good deal of tension. (5) Bony deformity due to contrac- 
tion of tissues should be overcome before the transfer of muscles is 
attempted. (6) Tendons should run in fatty subcutaneous tissue 
rather than in the sheath of other muscles. (7) In the lower extremity, 
transferred tendons should be inserted into bone or periosteum; in 
the upper extremity, they may safely be attached to paralyzed tendons. 


61. Fieschi: Chir d. org. d. movimento 5:359 (Aug.) 1921. 
62. Starr: J. Bone & Joint Surg. 4:3 (Jan.) 1922. 





432 ARCHIVES OF SURGERY 


(8) Linen thread is the best material for suture, and the fixation of 
tendon to tendon must be adequate. (9) Immobilization for three 
weeks should be the rule and then muscle training begun. 

Henderson * has employed the tendon of the peroneus longus to 
make good a defect in the triceps tendon, interlaying it into the triceps 
muscle and inserting it into the proximal end of the ulna. He finds 
the results quite satisfactory and the peroneus brevis and tertius have 
been strong enough to preserve the stability of the foot. 

Central Bone Abscess—McWilliams ** quotes Brodie’s original 
article to prove that the condition he described (Brodie’s abscess) 
was not a tuberculous abscess as he supposed, but a pyogenic one. 
Of 115 cases of chronic suppurative osteomyelitis treated at the Pres- 
byterian Hospital in seven years, only three represented true Brodie’s 
abscess. They are treated successfully by opening, cleaning them out, 
partially closing them, and treating them by surgical solution of 
chlorinated soda (Carre!-Dakin technic) until the smears show no 
organism when they are closed by secondary suture. He calls attention 
to the fact that the roentgenograms may fail to show any more cen- 
trally located lesion because the surrounding bone is sclerosed, and 
he advocates exploring any tender swelling of bone in which traumatic 
periostitis, syphilis, cyst and neoplasm can be ruled out. 

Sprain Fracture Tubercle of Tibia ( Osgood-Schlatter)—Sotieri © 
and Soule “* both report successful treatment of these partial detach- 
ments or traumatic epiphysites of the tibial tubercle by driving a 
bone peg through the affected tubercle into the tibia. 

| ep. Note.—We have no doubt of the success of this measure; but 
we have yet to see a typical case in which a quick and permanent retief 
from symptoms cannot be attained by adhesive plaster strapping main- 
tained for five or six weeks, the patient being allowed to be about 
on his leg. We do not consider a true separation of the tubercle in 


an adult a typical case of this syndrome. Bone pegs and more complete 


fixation may well be advisable in these more severe injuries ; but in the 
ordinary adolescent case we may perhaps choose the less elaborate and 


less laborious of two equally successful methods of therapy. | 


Shoulder and Arm Disabilities —Steindler ** has again studied the 
end-results of his operative procedures for shoulder and arm dis- 
abilities. He is gratified at the results in his cases of arthrodesis of 
the shoulder, which he believes may be successfully accomplished as 
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early as 6 years of age, by making a curved incision from the spine 
of the scapula to the coracoid process, dividing the acromion and reflect- 
ing it with the deltoid muscle, which gives an excellent approach to 
the joint. He recommends fixation at a right angle to the body in 
the neutral position in children. Steindler is also continuing to perform 
his operation of transplanting the whole origin of the flexor group of 
muscles in certain cases of arm paralysis to a point 2 inches (5 cm.) 
higher up, holding the arm in acute flexion for two months, and begin- 
ning massage and exercise in the third week. The best results were 
btained when the operation was combined with arthrodesis of the 
shoulder or wrist. 

Posterolateral Incision for Removal of Loose Bodies from Postertor 
‘compartment of Knee Joint.—Henderson,® finding the straight, pos- 
terior, median incision of Brackett and Osgood difficult to make in 
fat patients and requiring careful dissection to avoid injury to the 
vessels and nerves, has approached this deeply placed compartment of 
the knee by lateral incision. The patient lies on his back and the knee 
is flexed. For a mesial approach, the incision is just in front of the 
relaxed tendons of the sartorius, gracilis, semitendinosus and mem- 
ranosus muscles. For a lateral approach, the incision is in front of 
he line of the fibula. 

[Ep. Nore.—We still consider that the median posterior incision 
iffords, except perhaps in very fat patients, a more complete exposure 
to all parts of the posterior compartment of the knee joint. The 
langer of wounding the vessels and nerves is hardly to be feared. These 
structures may be easily, without undue trauma, retracted to the outer 
side. | 

Reconstruction of the Lateral Ligament of the Knee Joint.— 
Wilson,®® in a well illustrated article, describes the details of an opera- 
tion which he has performed successfully in two cases of torn internal 
lateral ligament of the knee. This consists in turning down a wide 
flap of fascia lata, three times as broad as is required, and after having 
folded it on itself, inserting it into the bone of the femoral condyle 
and tuberosity of the tibia by raising osteoperiosteal flaps and suturing 
them over the insertion of the fascia. Wilson states that persistent 
abnormal abduction of the leg in extension, without abnormal antero- 
posterior or lateral mobility in flexion, is probably due to laceration of 
the internal lateral ligament. Persistent instability due to laceration of 
the internal lateral ligament will require correction by surgical 
procedure. 
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Special Knife for Removal of Meniscus of Knee.—Freiberg *’ has 
devised a special knife to facilitate the removal of the posterior por- 
tion of a meniscus of the knee joint. The knife has a cutting edge at 
an angle of 135 degrees with the shank, its end being rounded instead 
of pointed, so that one may cut with the extreme end of the knife as 
well as with the blade. The shank of the knife is 2 inches (5 cm.) 
long end the handle is 5 inches (12.7 cm.). 


PERIPHERAL NERVE LESIONS 

Platt,?! after a very wide experience in the surgery of peripheral 
nerve lesions, advocates: (1) the most ample anatomic exposure from 
the beginning of the operation, as a routine; (2) the constant employ- 
ment of direct electrical stimulation by means of the bipolar electrode ; 
(3) the standardization of those positions of the patient and the limb 
on the operating table which will minimize the difficulties of accom- 
plishing end-to-end suture without undue tension. Platt has followed 
the end-results of 248 cases. One hundred and fifty of these were end- 
to-end sutures. Seventy-nine per cent. presented varying degrees of 
recovery ; 21 per cent. were complete failures. The influences which 
inhibit the success of the operative procedure are : (1) the period since 


injury, progressively inferior results being seen with increasing delay ; 


(2) infection, which delays regeneration; (3) the nature of the nerve 


bed, which is almost negligible unless the nerve trunk is subjected to 
bony friction; (4) the topography of the nerve, accounting for many 
failures; (5) level of suture, regeneration in the distal part of the limb 
being likely to be fickle. Eighty operations of neurolysis were per- 
formed, with 75 per cent. of recoveries or improvements, but Platt 
believes that it is difficult to estimate the exact influence of the operation. 
Eighteen operations of nerve bridging were performed and they were 
a'l complete failures. 

MacKay,” from a study of more than 600 nerve cases at the Cran- 
ville Canadian Hospital, has become convinced that the analysis of the 
voluntary muscular control is the surest guide to the determination of 
the exact nerve lesion. Trick movements must be most carefully 
excluded. 

Harris ** has written a valuable article on the treatment of irrepar- 
able nerve injuries, dealing with the detailed anatomy of the forearm 
and hand. The article cannot well be reviewed in short space, but 
should be commended. 
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Writers’ Cramp.—Bates ™* reports three cases of so-called writers’ 
cramp which he relieved completely by the simple method of having 
the patients note the position in which they placed their hands during 
sleep. It was found that all three slept with their hand or hands (in 
the bilateral cases) beneath the cheek or head. The symptoms entirely 
disappeared when the habit was corrected. 


DISLOCATIONS 


Carpal Luxations and Subluxations.—Nicotra * discusses the dis- 
locations of the carpal bones and reports two cases of crushing, twist- 
ing injuries, causing fracture luxations and subluxations of the 
scaphoid, semilunar and cuneiform bones. An interesting observation 
of the author is that fractures of the scaphoid are usually due to falling 
on the palm with the hand dorsally flexed on the forearm and radially 
deflected, while dislocations are due to falling on the palm, with the 
hand dorsally flexed on the forearm, but deflected ulnaward. 

Subluxation of the Shoulder Downward—Cotton * calls attention 
to a group of shoulder injuries followed by a troublesome weakness 
of the deltoid and supraspinatus, which are often diagnosed as circum- 
flex paralysis. These symptoms are due, he thinks, to a sagging of 
the heavy, swollen arm, often suspended in fractures of the humerus 
only by the wrist, which results in a true subluxation of the head 
downward in the glenoid and an overstretching of the deltoid and 
supraspinatus. The treatment consists of early massage and the support 
of the whole arm as soon as the condition of the lesion makes it 
possible. He reports nine cases. 

Recurrent Dislocation of the Shoulder——Sandes* fashions an 
artificial ligament from a strip of fascia lata, and passing it through a 
drill hole in the head of the humerus, fastens it as a sling over the 
clavicle. 

Tavernier and Jalifer** recommend a very thorough examination 
of patients exhibiting this condition and urge a more complete opera- 
tion than simple capsulorraphy. The capsule should be opened and 
the joint examined. In one of their cases a diverticulum in the antero- 
mesial portion of the capsule was discovered and, in another a tear of 
the capsule was found in the antero-inferior quadrant, with detached 
ends hanging loosely into the joint. 


| 


74. Bates: Med. Rec. 100:415 (Sept. 3) 1921. 

75. Nicotra: Chir. d. org. d. movimento 5:243 (April) 1921. 
76. Cotton: Boston M. & S. J. 185:405 (Oct. 6) 1921. 

77. Sandes: Brit. M. J. 2:321 (Aug. 27) 1921. 
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Congenital Dislocation of the Shoulder—Taylor ™ replies to the 
article of T. T. Thomas, in which Thomas maintains that the cause 
of brachial palsy is a congenital dislocation or posterior subluxation of 
the shoulder. Taylor has been unable to find a record of a single case 
of posterior subluxation of the shoulder noted at birth in association 
with brachial palsy or obstetric paralysis. Obstetricians connected 
with three large lying-in hospitals in New York have never seen the 
association of the two conditions at birth. Taylor has never seen a 


posterior subluxation of the shoulder in a case of brachial palsy in a 


patient less than 6 weeks old. He concludes that the subluxation must 
be secondary and not primary, and presents many cases in which posi- 
tive findings in injury to the roots of the brachial plexus have been 
demonstrated at necropsy. 

Luxation of the Right Innominate Bone—Montagard and Moreau *° 
have seen a case in which, as the result of an automobile accident, 
the right iliac bone, as a whole, had been dislocated upward, both at 
the symphysis pubis and the sacro-iliac synchondrosis. The lower 
border of the right acetabulum was on a level with the upper border 
of the left. There were no signs of fracture to be discovered. Partial 
calcification of the fibrocartilage between the separated bones had taken 
place and some osteophytic change. The patient walked well, with 
no inconvenience, except for the shortening. 


FRACTURES 


Fractures at the Wrist——Schurmeier *' has noted the much higher 
percentage of articular involvement in chauffeur’s fracture of the radius 
than in the ordinary Colles’ fracture. He explains this fact by the 
different direction in which the causative force is applied. In Colles’ 
fracture the force is applied with the wrist dorsiflexed and radially 
deflected (abducted), and the articular surface of the radius comes 
in contact with the broad surface of the scaphoid and usually escapes 
injury. In chauffeur’s fracture, the force is received with the wrist 
in the neutral position and deflected ulnaward (adducted), which 
brings the articular surface of the radius in contact with the angular 
or pointed surface of the scaphoid, which frequently causes splintering 
of the articular surface. 

Supracondylar Humeral Fractures —Baumgartner ** reports prac- 
tically perfect results in five cases of supracondylar fracture of the 
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humerus treated by continuous traction and counter traction with the 
arm in a straight line. In the early cases the traction satisfactorily 
reduced the deformity. In two older cases it maintained the position 
after manipulation had reduced the deformity. 

Fracture of the Neck of the Scapula—Cotton and Brickley ** do 
not agree with Sir Astley Cooper’s classical picture in fracture of the 
neck of the scapula of a drooping shoulder replaceable, but tending to 
fall away from gravity pull. As they have seen the condition, the 
shoulder appears to be displaced inward and to be narrower than the 
normal side. Their treatment is to reduce the deformity by levering 
the head of the humerus outward, over the fist, in the axilla as a 
fulcrum. A heavy wedge-shaped pad is placed in the axilla; the arm 
is brought to the side and held as tightly as the circulation will allow 
by adhesive plaster. A pillow rolled lengthwise is strapped vertically 
to the middle of the back and a 3 pound sand bag laid on the front of 
the shoulder. This is kept on for three weeks and the patient then 
allowed to be up, with an axillary pad and swathe. 

Fractures of the Spine-—Two good reviews and summaries of our 
present knowledge of fractures of the spine and the therapeutic indica- 
tions have appeared by Wilson ** and Kleinberg.** Kleinberg questions 
the wisdom of ankylosing operations in the early cases, because thereby, 
though the time of convalescence may be shortened six months, five or 
six vertebral joints are made stiff instead of one or two only, by a 
longer but usually certain process of nature’s healing, aided by arti- 
ficial protection. 

Fractures of the Neck of the Femur.—Kleinberg“ reports three 
cases of complete healing and cure of fractures of the neck of the femur 
as late as five months after injury. He employed Whitman’s abduction 
method, applying the plaster after manipulation of the fragments, and 
striking several blows with the mallet over the great trochanter as 
advised by Cotton. 

De!bet *? is of the opinion that fractures of the femoral neck proper 
never unite solidly when treated by immobilization alone, and advocates 
his peg or long screw insertion to hold the fragments together. He 
says that after immobilization alone, though the limb is a little short, 
the patients may walk on it for a time with little inconvenience, the 
stout capsule holding. Soon, however, this stretches and the primary 
shortening of 1 or 2 cm. increases to 6 or 7, with increased discomfort. 


83. Cotton and Brickley: Boston M. & S. J. 185:326 (Sept. 15) 1921. 
84. Wilson: Canad. M. A. J. 11:415 (June) 1921. 

85. Kleinberg: J. Bone & Joint Surg. 4:80 (Jan.) 1922. 

86. Kleinberg: Med. Rec. 101:14 (Jan. 2) 1922. 

87. Delbet: Progrés méd. 36:416 (Sept. 3) 1921. 





ARCHIVES OF SURGERY 


|Ep. Note.—We are aware of the fact that in the aged, fibrous 
rather than bony union of fractures of the femoral neck is most 
common. We feel quite certain, however, that neither bone pegging nor 
Delbet’s long screw offers more than temporary stability.] 

Dujarier,** while endorsing Delbet’s method, admits trouble from 
the screw and proposes still more complicated methods of internal 
fixation. We are of the opinion that the best, and, indeed, very satis- 
factory, functional results may be obtained by Whitman’s abduction 
method and plaster-of-Paris fixation. In a recent article, Whitman *° 


once more describes the details of his technic. He considers the 


incomplete fractures of childhood and the partial epiphyseal displace- 


ments of adolescence almost the only resistant deformities. 


| ErratuM.—In the Seventeenth Report of Progress in Orthopedic Surgery, in 
commenting on Dr. Whitman’s reconstruction operation, the Editors placed in 
quotation marks the following sentence: “The Brackett operation is more dif- 
ficult technically, union may not be obtained, and function is limited.” Dr. 
Whitman has called our attention to the fact that this is a misquotation, and 
that he has not said that he considers the Brackett operation more difficult 
technically than the reconstruction operation which bears his name. 

We find also that in Dr. Brackett’s original publication the muscle attach- 
ments with a small plaque of bone were removed from the trochanter and 
“either secured to the outer side of the trochanter, or inserted into the wedge- 
shaped depression,” which is made to round off its upper and outer ends. 

For many years Dr. Brackett and the other members of the staff of the 
Orthopedic Clinic of the Massachusetts Hospital have been accustomed to 
remove the trochanter with the muscles attached, as Dr. Whitman does in his 
reconstruction operation, and transplant it, as he does, farther down on the 
shaft of the femur in order to gain a more advantageous leverage for the 
trochanteric muscles. ] 


Irregularity of the Lower Extremities Following Fracture of the 
Shaft of the Femur in Children—Truesdell *° has examined, several 
years after the injury, five cases of simple fracture of the femur at 
varying levels in children. These patients were discharged with from 
one-fourth to one-half inch (6.3 to 12.7 mm.) of shortening, but when 
reexamined years later showed one-half to 1 inch (1.27 to 2.5 cm.) 
lengthening. 

Fractures of the Lower Leg—Hawley * discusses the end-results 
in nineteen fractures of the knee and thirty-eight of the ankle, demon- 
strating his meticulous and successful special methods of treatment. 
In his cases of fracture of the patella, of which he reports ten, after 


88. Dujarier: J. de méd. de Paris 92: Oct., 1921. 
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wiring, he uses no external splinting and begins active assisted motion 
on the fourth day. He allows the patients to walk on the eighth day 
and expects 10 degrees of motion in from eight to fifteen days. 
Nonunion in Fractures of the Lower Third of the Tibia—Eliason *? 
has attempted to find the cause of the frequent nonunion in cases of 
fracture in the lower third of the tibia. He discusses the extrinsic 
causes, such as fixation and position, as unimportant, since nonunion 
occurs in spite of perfect fixation and perfect position. He, therefore, 
turns to the intrinsic causes, and fixes his attention on the matter of 
blood supply to the lower fragment. He considers this from many 
different points of view. (1) Anatomic: The arrangement of the 
fascia of the leg, which is very strong, permits little distention in case 
of swelling or extravasation, and the vessels may be compressed in 
this manner, particularly the anterior tibial artery. The nutrient artery 
from the posterior tibial is given off in the upper third to the tibia. 
In case of injury, this source of supply to the lower fragment is cut off. 
lhe anterior tibial artery is the main source of supply to the lower frag- 
ment by means of periosteal and articular branches and it lies in a 
position directly exposed to injury from bone fragments or swelling. 
(2) Clinical: In cases of nonunion, it was noted that the foot was 
cooler and the dorsalis pedis pulsation weaker in the affected than in 
the unaffected side. Blood pressure readings showed the pulse obliter- 
ated at a point from 10 to 15 mm. lower on the affected side. (3) 
Roentgen-ray findings: Marked osteoporosis of the lower fragment 
was noted. (4) Operative findings: Less bleeding and less active 
bone formation from the lower fragment are usually found at operation. 
(5) Pathology: Study of bone removed from both fragments bears 
out the contention that active bone formation is lacking in the lower 
fragment. (6) Experimental findings: He operated on twelve dogs, 
fracturing the tibia. In eight he also ligated the anterior tibial artery 
and in four he also divided the nerve. Union took place in al!, but 
in the eight ligated cases, five were less firmly united than the controls. 
The nerve ligation apparently made no difference. He concludes that 
all this evidence points to a lessened blood supply to the lower fragment 


as the cause of nonunion. The lesson is to avoid trauma in reducing 
these fractures and not to keep them elevated too long. 


Classification and Mechanism of Fractures of the Leg Bones 
Involving the Ankle-——Ashhurst and Bromer * have written an almost 
classical article on the foregoing subject, based on 300 cases from the 
Episcopal Hospital in Philadelphia. 


92. Eliason: Surg., Gynec. & Obst. 33:551 (Nov.) 1921. 
93. Ashhurst, A. P. C., and Bromer, R. S.: Classification and Mechanism of 
Fractures of the Leg Bones Involving the Ankle, Arch. Surg. 4:51 (Jan.) 1922. 
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Historical Review: They quote Pott’s original description to show 
that he described a fracture that does not exist. Dupuytren com- 
mended Pott and evidently thought that he had described the same 
lesion he himself was describing. Dupuytren was the first really to 
systematize the knowledge of ankle injuries. The type of ankle fracture 
most commonly seen was first described by Maisonneuve (1840), and 
it is safe to assume that both Pott and Dupuytren’s descriptions applied 
to this fracture and not to the rather hypothetic type they thought they 
were describing. Maisonneuve was the first to invoke the external 
rotation of the foot held in the tibiofibular mortise in explaining the 
common oblique fracture of the fibula. The postmarginal fragment 
from the articular surface of the tibia had previously been described 
by Cooper, Destot, Chaput and others, before Cotton wrote about it. 
The authors review the work done by various investigators from 
Dupuytren down to the present, paying tribute to the convincing work 
done by Quénu, Honigschmied, Tillaux, and Maisonneuve. 

Mechanism of Fracture: After reviewing the anatomy of the ank‘e, 
the authors point out the fact that the motions which are likely to 
result in fracture are those of rotation of the foot and adduction and 
abduction. Inward rotation is a movement almost inseparable from 
the movement of adduction, as the anterior tarsal joints render the 
foot very mobile in this direction. 

External Rotation: Any movement toward external rotation con- 
verts the foot into a rigid lever, and motion with much force is trans- 
mitted to the ankle, the astragalus trying to turn in its long axis. 
Owing to physical laws of leverage, the greatest strain comes on the 
external malleolus. There is a push outward on the anterior border 
of the malleolus combined with a pull inward on the posterior border 
by the posterior band of the external lateral ligament. The resulting 
fracture by torsion is an oblique fracture of the fibula, running from 
above and behind, downward and forward, and it involves the inferior 
tibiofibular joint. Always it is higher behind than in front and usually 
extends in front to the external malleolus. The anterior tibiofibular 
ligament thus remains intact and there results no true diastasis between 
tibia and fibula. There is, at most, slight rotary displacement of the 
fragments. This is the most common fracture at the ankle (more than 
25 per cent. of all cases). If the force continues to act, the next lesion 
which is added is rupture of the internal lateral ligament, or, far more 
frequently, fracture of the internal malleolus, usually only of its 
anterior tip, seldom of its whole extent. The displacement may be 
slight or marked, and in many cases there is added the complication 
of fracture of the posterior margin of the tibia. (One or another 
variation of this type of fracture occurred in 100 of the 300 studied. ) 
In these extreme types of fracture, disjunction of the tibia and fibula 




















PROGRESS IN) ORTHOPEDIC SURGERY 441 


may occur or avulsion of the anterior tubercle of the tibia. In such 
cases, the strain on the fibula is transferred higher up, and one may 
find fracture even in the upper third or just below the head of the 
fibula. 

Abduction Injuries (Fibular Flexion): In these fractures, the 
influence of the tibiofibular ligaments is paramount. Straight abduc- 
tion of the foot has, as its primary and most constant lesion, fracture 
of the internal malleolus or its equivalent, rupture of the internal 
lateral ligament. This is a prerequisite in order to free the astragalus 
sufficiently to permit it to press on the external malleolus. Following 
this: (1) If the tibiofibular ligament holds, the fibula breaks across 
through the external malleolus proper and not above these ligaments, 
as commonly taught; a bimalleolar fracture by abduction results. 
? 


(2) If the tibiofibular ligament ruptures or the equivalent avulsion of 
the anterior tibial tubercle occurs and the force continues, the fibula 
breaks by flexion and the break usually occurs where the fibula is 
weakest, that is, above the inferior tibiofibular ligament in its lower 
third. Finally, as the most advanced stage, the entire lower end of the 
tibia may be torn off as the representative of the internal malleolus. 

Separation of the fibula from the tibia by 3 cm. may occur, even 
with the posterior tibiofibular ligament intact. Owing to the almost 
indestructible nature of the posterior band of the external lateral liga- 
ment, almost never does a separation of the astragalus from the fibula 
take place. Diastasis does not, therefore, occur as a result of the 
astragalus being driven upward between the tibia and fibula as a wedge. 

Posterior Marginal Fragment of the Tibia and Posterior Displace- 
ment of the Foot: The mechanism by which this fracture is produced 
is almost certainly a crushing force acting from below upward. The 
size of the fragment varies from a small portion of the posterior lip 
to a large fragment. This fracture occurs quite frequently (in fifty- 
eight of 300 cases, or 19 per cent., and in fifty-one, or 50 per cent., of 
those conforming to low Dupuytren type). It may occur alone or in 
association with torsion or abduction fractures. Backward displace- 
ment of the foot cannot occur unless the astragalus is freed from the 
external malleolus by rupture of both the middle and posterior bands 
of the external lateral ligament, or unless the external malleolus is 
freed from the tibia by diastasis or by fracture of the fibula in such a 
way as to detach, with the lower fragment of the fibula, the fibular 
insertion of both the middle and posterior bands of the external lateral 
ligament, that is, in the Pott or Dupuytren type, or the mixed oblique 
type. A posterior marginal fragment favors displacement, but is not 
essential for it. 

Adduction Injuries (Tibial Flexion): There is little dispute about 
the mechanism of these injuries. A tearing off of the external malleolus 
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is the first lesion, followed by a compression fracture of the internal 
malleolus, or a splitting upward of the tibial shaft occurs. The supra- 
malleolar fracture by adduction represents the most advanced type. 

Old Fractures of the Os Calcis—Cotton’s ** attention has been 
attracted to poor results which are so common in fractures of the 
os calcis. More than half the patients with fracture of the os calcis 
suffer disability. Total disability for real work is the result in from 
33 to 50 per cent. of the cases. The causes of disability may be one 
or several. (1) The os calcis is a little short from front to back and 
a bit flattened. (2) Sharp outward deviation of the heel entails 
inevitable flatfoot. (3) Tender spurs on the plantar surface of the 
os calcis may result. (4) The common source of trouble is an outward 
broadening of the os calcis, owing to the shoving outward of the 
peroneal plate of bone and bone growth behind it. The external mal- 
leolus may impinge on the exuberant bone or be half buried in it; it 
may impinge only in flexion or extension, or it may pinch the peroneal 
tendons and their sheaths ; invariably it is a factor in pain and disability. 
(5) Loss of some of the lateral motion is constant, resulting from 
alterations in the surfaces or clogging of the astragalocalcaneal joint. 
For correction he advises leaving shortened and flattened heels abso- 
lutely alone. Outward deviation calls for the Gleich operation, that is, 
an oblique osteotomy of the os calcis, with correction of the deformity. 
Spurs may need to be removed. For the troublesome outward broad- 
ening of the os calcis and clogging of the astragalocalcaneal joint, 
Cotton has developed an operative procedure. This consists in a curved 
incision under the external malleolus, elevating and turning upward a 
flap containing the peroneal tendons and their sheaths, periosteum and 
a thin layer of cortical bone. Then he digs out, wide and deep, the 
exuberant bone, disregarding the subastragaloid articulation, which is 
often narrowed by about half. The flap is then replaced and sutured 
and a plaster boot applied. At the end of two weeks, motion of the 
subastragaloid joint is begun. At four weeks, slight weight-bearing 
and at the end of six weeks full weight-bearing is permitted. He 
reports the cases of nine patients operated on, with one excellent result 
and six patients greatly improved, one failure, and one doubtful result 
in an old man. 

Spiral Fractures.—Rixford ** has conducted an elaborate investi- 
gation of the mechanism of spiral fractures. He concludes that rarely 
can they be satisfactorily reduced without open operation; but when 
so reduced they are retained very easily with kangaroo tendon. 


94. Cotton: Ann. Surg. 74:294 (Sept.) 1921. 
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Suspension Traction Treatment of Fractures of Long Bones Near 
Large Joints —Hartwell ** outlines the methods of suspension traction 
treatment carried out on his service at Bellevue Hospital in New York. 
He has become an advocate of skeletal traction in all cases of fracture 
of the femur. For intracondylar fractures of the lower end of the 
femur, he uses skeletal traction by means of a pin through the head of 
the tibia. For lower leg fractures, the skeletal traction is applied by 
means of ice tong calipers in the malleoli or os calcis. 

Influence of Physiotherapy in Reducing Disability Tune in Frac- 
tures —Wainwright *’ has compiled some rather interesting statistics 
from the Moses Taylor Hospital at Scranton, Pa. Before the establish- 
ment of a gymnasium and a physiotherapeutic department, the average 
time of disability in fractures of the clavicle was sixty-seven days, 
after the establishment, fifty-nine ; humerus fracture, before, 125, after, 
90; forearm fractures, before, 76, after, 64; femur fractures, before, 
239, after, 180; lower leg fractures, before, 121, after, 92. 

This means a saving of actual time in the different types of from 
eight to fifty-nine days, and a percentage saving of from 12 to 28. 

Delayed Union and Nonunion of Fractures——Nutter ** considers 
very carefully the subject of delayed union and nonunion of fractures, 
pointing out the importance of discriminating between these two condi- 
tions. Delayed union may be expected in not much more than 1 per 
cent. of all fractures, while nonunion occurs in from 2 to 3 per cent. 
The regions where nonunion is most prone to occur are between the 
middle and upper thirds of the humerus, the middle third of the femur, 
and in the lower third of the tibia and fibula. Fractures of the neck 
of the femur fail to unite solidly relatively very frequently. As to 
the causes of delayed or nonunion. Nutter considers that constitutional 
diseases, with the exception of syphilis, scurvy, acute rickets, osteo- 
malacia, etc., exert little influence on union. Severe sepsis causes 
necrosis ; but mild sepsis may actually stimulate callous formation. The 
local causes are the well recognized ones of nonapposition of fragments, 
interposition of tissue, imperfect immobilization, metallic plates, etc. 
For treatment of delayed union after proper conditions of immobiliza- 
tion have been satisfied, Nutter advises baking and other forms of 
hyperemia. Drilling the bone ends may be a help. He thinks there 
is little evidence to suggest that galvanism, ductless gland extracts, 
or injections of irritants are of service. 

Special Fracture Services in Hospitals —Scudder,®® who organized 
one of the first, if not the first, special fracture services in America, at 
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the Massachusetts General Hospital, has been impressed by the necessity 
of improving the results in the treatment of fractures throughout the 
country. He believes the carrying out of the following suggestions 
would be helpful: (a) special wards restricted to the treatment of 
fractures; (b) a special fracture personnel of surgeons under a chief 
of service of broad experience; (c) a special fracture outpatient clinic 
under the charge of the special fracture service; (d) an improvement 
in the methods of teaching fractures and more time for the subject 
in the medical school curriculum; (¢) graduate courses for the general 
practitioner ; (f) the organization of a clinical surgical fracture society, 
meeting once a year for the discussion of fracture problems. 

Medical Defense Aspect of Fractures.—An interesting indication of 
how important the problem of the proper treatment of fractures is 
becoming is shown from the review of Tuckerman'’® of the cases 
referred to the Medical Defense Committee of the Ohio State Medical 
Association. Of 107 matters so referred, forty represented dissatis- 
faction over the results of the treatment of fractures. 

Supernumerary Bones of Wrist and Ankle—Holland*” and 
Pirie '°? point out the importance of recognizing the rarer ossifications 
in the carpus and tarsus, representing true extra bones which may 
easily be mistaken for fractures. In the carpus, there may be men- 
tioned the os centrale, the os triangulare, the ulnare externum, the 
radiale externum, the os vesalianum, and the divided scaphoid. In the 
foot, the os trigonum, the secondary os calcis, the tibiale externum, the 
Os peroneum, the os vesalianum, and an ossicle without name. 


MISCELLANEOUS 


Technic for Leg Amputation—Orb'* describes a method of leg 
amputation which he has found produces an excellent stump. An 
anterior skin flap is fashioned and a posterior muscle flap (gas- 
trocnemius and soleus). This provides a posterior scar and a good 
muscle padding for the end of the bone with a fascial covering. He 
employs the Huber-Lewis technic for the prevention of neuromas, and 
the aperiosteal method in the treatment of his bone end. 

[Ep. Note.—One of the Editors (Wilson) has independently 
devised the same method and has employed it, during the war and 
since, with great satisfaction. | 
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Coalitio Calcaneonavicularis—Slomann ** of Copenhagen reports 
six cases of coalitio caleaneonavicularis or fusion of the os calcis with 
the scaphoid, illustrated by excellent roentgenograms. It is a congenital 
condition. The abnormality does not appear to show any particular 
preference for the right or the left foot. All his patients have been 
seen because of severe flatfoot deformities, and the flatfoot, both in 
regard to the degree of deformity as well as to clinical symptoms, 
has been most severe in the .foot in which the anatomic abnormality 
was present or most pronounced. The ages of the patients were from 
10 to 59 years. For treatment he has employed rest in plaster and has 
followed this with foot supports. He believes operative procedures 
may be necessary. In marked cases, the deformity is extreme. Slomann 
describes one case as follows: The foot is “of monstrous shape, short 
and enormously broad, with the convex rocker-shaped surface; the 
heel and tarsus rest on the ground; the first metatarsal bone tips upward 
at the mesial side of the foot and only the point of the downward bent 
great toe again reaches the ground.” 

Kohler’s Disease—Bauman > adds two cases to the list that has 
been growing since Kohler, in 1908, first described this unusual mal- 
formation of the tarsal scaphoid. Although he cannot explain the 
cause, his cases add to the evidence that is accumulating on the negative 
side, excluding syphilis, tuberculosis and osteomyelitis. He believes 
trauma to be the common cause, and cites its frequence in boys of the 
ages of 5 to 7. Trauma is little noticed, as is also the fact that the 
scaphoid is one of the last of the tarsal bones to ossify. 

E picond ylitis —Aievoli *°* brings up for discussion the cause of pain 
in the region of the external humeral epicondyle occurring in tennis 
players and other sportsmen and in workers in certain industries. The 
pain is usually localized near the tip of the epicondyle, in the region 
of the origin of the radial extensors of the wrist and the common 
extensors of the fingers. He discusses the various etiologic theories. 
He considers the theory of Vulliet **’ of a bursa beneath the origin of 
the epicondylar muscles may. be nearest the truth. 

Osgood,'®’* as a result of a personal experience, became convinced of 
the probable bursa nature of the syndrome, found bursae in seven 
consecutive cadavers, had his own elbow operated on, and bursal tissue 
found, and has operated on two other patients with positive findings. 

104. Slomann: J. Orthop. Surg. 3:586 (Nov.) 1921. 

105. Bauman, G. T.: Kohler’s Disease, J. A. M. A. 77:1086 (Oct. 1) 1921. 

106. Aievoli: Riforma med. 37:805 (Aug. 30) 1921. 

107. Vulliet: Semana méd., June 2, 1909, p. 261. 

108. Osgood, R. B.: Radiohumeral Bursitis, Epicondylitis, Epicondylalgia 
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Schmitt '°* described a calcareous deposit over the epicondyle and 
believed the bursa to be between the epicondyle and the common 
extensor tendon. Osgood found his bursae beneath the conjoined 
tendon and the supinator brevis and radiohumeral joint capsule, where 
he believes it commonly is placed, and not directly over the epicondyle. 

Development of the Shoulder—Cohn’s"® conclusions from a 
roentgenologic study of the normally developing shoulder are as fol- 
lows: Radiologic examination of the shoulder during the first year 
shows only one epiphysis sufficiently ossified to leave a shadow, the 
epiphysis for the upper end of the humerus. This epiphysis is 
represented by a small elliptic shadow, which is rather widely sepa- 
rated from the upper end of the shaft. The earliest examination 
was at seven weeks after birth. During the first two years, no 
other epiphysis makes its appearance except for a small shadow 
which may be interpreted as the early ossification within the coracoid 
process. During the third year, the head of the humerus increases 
rather rapidly in size. The upper end of the shaft takes on the appear- 
ance of a double inclined plane, higher near the middle, and sloping 
downward to either side. At this time, there is a shadow on the lower 
aspect of the epiphysis for the head, which may be ossification within 
a separate epiphysis for the greater tuberosity or it may be that the 
greater tuberosity is a growth downward from the original epiphysis 
for the head. In the pictures no clear line of demarcation can be 
made out between the shadows. Beginning ossification within the 
coracoid is evident at 3 years. In order to avoid errors in interpreta- 
tion of roentgenograms of the shoulder, one must take several views. 
Ossification within the epiphysis of the acromion is rarely evident before 
the middle of the fourteenth year. Complete ossification of the 
epiphysis of the acromion takes place about the middle of the eighteenth 
year. Complete ossification within the upper epiphysis is evident about 


the nineteenth year. There is no trace of the epiphyseal line at the 
twentieth year. 


Orthostatic Albuminuria.—Saito '"' concludes after careful study of 
a large group of children that patients showing orthostatic albuminuria 
have an asthenic condition, and about half of them show lordosis. <A 
large majority of the patients are in a state of vagotonia and show a 
normal renal function and hemoglobin. Two methods are most reliable 
in provoking albuminuria. One is to have the patient hold a rod with 
the hands and lift it up to the level of the shoulder for ten minutes ; 
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the other is to have the individual kneel for ten minutes. The direct 
cause of albuminuria may be lordosis of the lumbar spine, but it is not 
altogether the essential factor. Vasomotor instability may be another. 


Preventive and Prophylactic Orthopedic Practice—Emmons and 
Goldthwait ** call attention to the necessity of providing proper furni- 
ture in order to avoid postural strain, especially from work at a desk. 
They have planned a simple chair which they believe is practicable and 
helpful, and which they illustrate in their article. 

Lowman ''* makes a strong plea for the recognition of postural 
defects and an attempt to correct them in the early years of school. 
Eighty per cent. of all schoolchildren show one or more defects, and 
many of the present physical instructors are poorly trained for correct- 
ing these faulty postures. He urges more interest among orthopedic 
surgeons in the training of these instructors and is convinced that the 
correction of these defects in childhood will do much to prevent the 
potential weakness which was so strikingly appreciated in the army 
recruits who failed to stand up to regular army life. 

Challenge of the Chronic Patient—Goldthwait ''* begs the medical 
profession to focus its attention on the chronic patient, who has been 
so unsatisfactorily treated and generally considered hopeless. He points 
out that our study has been especially of the physiologic function of 
the body to find out where it is lacking and to discover some pathologic 
lesion of certain of the organs as a cause of the condition. As we are 
often not able to explain the imperfect function, the treatment is not 
evident. He urges that the mechanics of the body be more carefully 
studied and that attention be paid to the long existent attitude in which 
the bodily functions have been carried on. Pathologic conditions of 
the lower part of the back are the most common occasion for seeking 
medical advice. A persistent ptosis, or a malposition of the heavier 
viscera disturbing their blood supply, is a constant obstacle to proper 
function. We have the example in orthostatic albuminuria. It is 
probable that in many of the arthritic cases in which the patients do 
not recover after removal of foci in the tonsils or teeth, that no one 
organ is wholly at fault. A study of the individual anatomic habit 
will often give new significance to many of these symptoms. 

Journal Announcement.—The Journal of Orthopaedic Surgery, the 
official organ of the British and the American orthopedic associations, 
which up to January, 1922, had been issued monthly, has now become 
a quarterly and has changed its name to the Journal of Bone and Joint 
Surgery. It continues as the organ of the two associations and under 
the able editorship of Dr. E. G. Brackett. 
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CORRESPONDENCE 


“THE NEGATIVE CHAMBER IN OPEN PNEUMOTHORAX: 
A PERSONAL EXPERIENCE” 


To the Editor:—My attention has been called by Dr. Rudolph Matas, of 
New Orleans, to two historical errors which appear in my article, “The Nega- 
tive Chamber in Open tee anated A Personal Experience,” in the July 
issue of the ARCHIVES OF SuRGERY. I stated, page 134, that “the importance of 
preventing this physical phenomenon was fully realized by Dr. Matas, more 
than twenty years ago, when, as one of the pioneers in the field of thoracic 
surgery in America, he had his assistant, Dr. Parham of New Orleans, excise 
a tumor of the chest wall with the help of a differential pressure apparatus, 
the Fell-O’Dwyer combination, as modified by Matas.” The fact is that Dr. 
Matas and Dr. Parham have been connected with the same hospitals and have 
served in them, contemporaneously, as colleagues, with the same rank and 
always in charge of separate and independent services. Dr. Parham, there- 
fore, performed his operation, July 24, 1898, independently, as a visiting surgeon 
in charge of his service at the Charity Hospital. Further, he did not employ 
the Fell-O’Dwyer apparatus, “as modified by Matas,” but made use of it with 
good effect, though unmodified, in the form that was then being used at the 
Charity Hospital. 

Witty Meyer, M.D., New York. 





